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Green Glycol: A Novel 2-Step Process
Abstract
Ethylene glycol demand is growing rapidly, particularly in the global polyethylene terephthalate markets.¹
Traditional production of non-renewable ethylene glycol involves steam cracking of ethane or the methanol-
to-olefin process to obtain ethylene.6 In response to environmental movements, Coca-Cola® began creating
ethylene glycol from renewably sourced ethanol, by producing the ethylene oxide intermediate in a two-step
reaction process.² Novel research at Leiden University, entitled Direct conversion of ethanol into ethylene oxide
on gold based catalysts, explores a catalyst which produces ethylene oxide in one step, showing potential for a
more efficient renewable process.³ This project explores the scaling of the Leiden research to an industrial
level. The makeup raw material flows accounting for the recycle streams in the process are 237,000 MT fuel-
grade ethanol per year, 81,000 MT oxygen per year, and 26,000 MT carbon dioxide diluent per year. The
design first reacts ethanol and low concentration oxygen feeds to form an ethylene oxide intermediate, as well
as undesired byproducts. A series of separations isolate ethylene oxide for further reaction, while recycling
unconverted feeds and diluents. EO is then hydrolyzed to form mono-, di-, tri-, and higher order glycols. The
following separation series removes water for recycle, then isolates fiber grade (99.9 wt%) monoethylene
glycol as the main product. The bottoms of this separation results in an ethylene glycol mixture that is sold as a
slurry for additional revenue. A financial analysis of the process over a 15 year period shows that the process
does not directly compete with the existing monoethylene glycol market. However, a 14.5% green premium
on the selling price of monoethylene glycol would reach a 15% IRR and achieve profitability. Future work
should be focused on investigating catalyst performance and reproducing similar reaction behavior in
industrial-scale conditions.
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Abstract 
Ethylene glycol demand is growing rapidly, particularly in the global polyethylene terephthalate 
markets.1 Traditional production of non-renewable ethylene glycol involves steam cracking of 
ethane or the methanol-to-olefin process to obtain ethylene.6 In response to environmental 
movements, Coca-Cola® began creating ethylene glycol from renewably sourced ethanol, by 
producing the ethylene oxide intermediate in a two-step reaction process.2 Novel research at 
Leiden University, entitled Direct conversion of ethanol into ethylene oxide on gold based 
catalysts, explores a catalyst which produces ethylene oxide in one step, showing potential for a 
more efficient renewable process.3 This project explores the scaling of the Leiden research to an 
industrial level. The makeup raw material flows accounting for the recycle streams in the process 
are 237,000 MT fuel-grade ethanol per year, 81,000 MT oxygen per year, and 26,000 MT carbon 
dioxide diluent per year. The design first reacts ethanol and low concentration oxygen feeds to 
form an ethylene oxide intermediate, as well as undesired byproducts. A series of separations 
isolate ethylene oxide for further reaction, while recycling unconverted feeds and diluents. EO is 
then hydrolyzed to form mono-, di-, tri-, and higher order glycols. The following separation series 
removes water for recycle, then isolates fiber grade (99.9 wt%) monoethylene glycol as the main 
product. The bottoms of this separation results in an ethylene glycol mixture that is sold as a slurry 
for additional revenue. A financial analysis of the process over a 15 year period shows that the 
process does not directly compete with the existing monoethylene glycol market. However, a 
14.5% green premium on the selling price of monoethylene glycol would reach a 15% IRR and 
achieve profitability. Future work should be focused on investigating catalyst performance and 
reproducing similar reaction behavior in industrial-scale conditions. 
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University of Pennsylvania, School of Engineering and Applied Science 
Department of Chemical and Biomolecular Engineering  
220 South 33rd Street  
Philadelphia, PA 19104 
April 23rd, 2019 
Dear Professor Bruce Vrana and Dr. Sean Holleran, 
The enclosed report contains a process design for converting fuel-grade ethanol into 
ethylene glycol. The process is fed 237,000 metric tons of ethanol per year and creates 245,000 
metric tons of monoethylene glycol per year. The design entails two reactions. The first reaction 
converts ethanol to ethylene oxide, and the second converts ethylene oxide to ethylene glycol. The 
first reaction design uses stoichiometry and conditions found in a research paper from Leiden 
University titled Direct conversion of ethanol into ethylene oxide on gold based catalysts, as 
suggested in the project statement by Gary Sawyer. The current process creates ethylene oxide 
from ethylene, a non-renewable resource obtained from steam cracking of ethane or the methanol-
to-olefin process. The process detailed in this report would be competitive to the current process 
by meeting the demand for renewably-sourced, high purity monoethylene glycol product. 
From an economic standpoint, the process is currently unprofitable with a positive IRR. A 
14.5% price premium on the selling price of ethylene glycol would achieve profitability of the 
process. These premiums will ensure a 15% IRR and an NPV of $10 MM. We would recommend 
proceeding with the design in the case that an ethylene glycol premium was obtained. The subsidy 
on ethanol required to achieve profitability is not feasible based on current market trends. In 
moving forward with the process design, the main focus should be further researching the ethylene 
oxide reaction to accomodate for scaling up to industry standard.  This report details the designs, 
analyses, and recommendations at each step of the Green Glycol process.  
Thank you for your guidance throughout this project. 
Sincerely, 
     Ingemar Falcones       Sarah Golden    Maria Kowalchuk 
____________________ ____________________ ____________________ 
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Section 1: Abstract 
 Ethylene glycol demand is growing rapidly, particularly in the global polyethylene 
terephthalate markets.1 Traditional production of non-renewable ethylene glycol involves steam 
cracking of ethane or the methanol-to-olefin process to obtain ethylene.6 In response to 
environmental movements, Coca-Cola® began creating ethylene glycol from renewably sourced 
ethanol, by producing the ethylene oxide intermediate in a two-step reaction process.2 Novel 
research at Leiden University, entitled Direct conversion of ethanol into ethylene oxide on gold 
based catalysts, explores a catalyst which produces ethylene oxide in one step, showing potential 
for a more efficient renewable process.3 This project explores the scaling of the Leiden research 
to an industrial level. The makeup raw materials flows accounting for the recycle streams in the 
process are 237,000 MT fuel-grade ethanol per year, 81,000 MT oxygen per year, and 26,000 MT 
carbon dioxide diluent per year. The design first reacts ethanol and low concentration oxygen feeds 
to form an ethylene oxide intermediate, as well as undesired byproducts. A series of separations 
isolate ethylene oxide for further reaction, while recycling unconverted feeds and diluents. EO is 
then hydrolyzed to form mono-, di-, tri-, and higher order glycols. The following separation series 
removes water for recycle, then isolates fiber grade (99.9 wt%) monoethylene glycol as the main 
product. The bottoms of this separation results in an ethylene glycol mixture that is sold as a slurry 
for additional revenue. A financial analysis of the process over a 15 year period shows that the 
process does not directly compete with the existing monoethylene glycol market. However, a 
14.5% green premium on the selling price of monoethylene glycol would reach a 15% IRR and 
achieve profitability. Future work should be focused on investigating catalyst performance and 
reproducing similar reaction behavior in industrial-scale conditions.  
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Section 2.1: Introduction 
 Ethylene glycol is an essential chemical to many industries, including textiles, packaging, 
and industrial fluids. Conventional manufacture of ethylene glycol uses ethylene to produce 
ethylene oxide, which is then hydrolyzed to ethylene glycol. Ethylene is a non-renewable fossil 
fuel, obtained from coal or natural gas, then processed through steam cracking of ethane or the 
methanol-to-olefins process. Ethylene can be reacted with oxygen over a silver catalyst to create 
an epoxy ring, ethylene oxide. The reaction of water with ethylene oxide opens the epoxy ring and 
creates ethylene glycol. The largest use of ethylene glycol is as a component (27% by weight) in 
a 28 million ton per year polyethylene terephthalate (PET) market.1 PET plastic is the main 
component of disposable plastic soda and water bottles. 
 The environmental impact of the mass manufacture of PET would be significantly 
mitigated if the ethylene glycol used as a raw material in its production were renewable. Coca-
Cola® introduced its first fully recyclable PlantBottle® using ethylene glycol made from ethanol. 
Coca-Cola® uses an acid catalyst to produce ethylene oxide in two steps. The ethanol is first 
dehydrated to ethylene, which is then oxidized to ethylene oxide.2 Researchers at Leiden 
University have investigated catalysts that produce ethylene oxide directly from ethanol in one 
step.3 Ethylene oxide can then react with water to produce monoethylene glycol as well as higher 
order glycols.  
 The process detailed in this report analyzes a plant half the size of a world-scale 
conventional ethylene glycol plant, but produces renewably-sourced ethylene glycols. Green 
Glycol is created by a novel two-step process. The catalyst discovered at Leiden University first 
converts fuel-grade ethanol and oxygen to ethylene oxide and water with small yields of 
3
  
byproducts. The second reaction then converts ethylene oxide and water to monoethylene glycol 
and higher order polyethylene glycols.  
The process is fed makeup flows of 237,000 MT fuel-grade ethanol per year, 81,000 MT 
oxygen per year, and 26,000 MT carbon dioxide per year.  A total of 850,000 MT makeup process 
water per year is fed. Large amounts of unconverted feeds and diluents are recycled back to the 
necessary units throughout the process. The plant will produce 245,000 MT fiber-grade 
monoethylene glycol per year, with a 99.9 wt% purity. This exceeds the requirement of the 
problem statement (200,000 MT per year) by 22.5% to account for material losses throughout the 
system that are not accounted for in the Aspen modeling. A coproduct polyethylene glycol slurry 
of 34,900 MT per year will also be sold for additional revenue. Byproducts and unconverted 
reactants are recycled, but purge streams are added to the process to account for accumulation.  
 The plant will be located next to the Mississippi River in Clinton, Iowa, in close proximity 
to an ethanol plant and gas purification facilities. Fuel-grade ethanol will be supplied to the plant 
via pipeline, oxygen and carbon dioxide will be obtained from AirProducts plants, and products 
will be shipped by barge, rail, or truck.  
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Section 2.2: Objective Time Chart 
Name of Project: Green Glycol: A Novel 2-Step Process  
Project Author: Mr. Gary Sawyer 
Project Advisors: Dr. Sean Holleran and Professor Bruce Vrana  
Project Leaders: Ingemar Falcones, Sarah Golden, and Maria Kowalchuk  
Specific Goals:  
- Design a plant to produce 200,000 MT per year of fiber-grade monoethylene glycol from 
sustainably sourced fuel-grade ethanol.  
- Determine the selling price of “green glycol” EG that provides a 15% internal rate of 
return on the plant investment, based on fuel ethanol prices. 
Project Scope: 
In Scope 
- Produce the ethylene oxide intermediate based on the catalysis work done at Leiden 
University 
- Design process, including all equipment and process conditions 
- Determine optimal reactor conditions, separations to recycle unconverted feeds, and 
purification of product to meet quality specifications 
- Size and cost all equipment 
- Analyze profitability and economics of project by calculating cost of plant and required 
pricing premium of product 
- Safety considerations necessary for working with hazardous chemicals, especially 
ethylene oxide 
Out of Scope 
- Production and turnover of catalysts 
- Kinetic data of reactions outside the published conditions 
- Selection and costing of buffer to maintain constant pH values 
- Testing of assumptions 
- Design and modeling of molecular sieves system for drying ethanol recycle 
- Design of process control system 
- Considerations for start-up and shut down  
- Direct transportation costs of raw materials and products 
- Protocol and cost of crisis management (i.e. natural disasters) 
 
Deliverables: 
5
  
- Flowsheet of process and simulation results 
- Mass and energy balances 
- Equipment design and operating parameters 
- Economic and profitability analysis to understand plant feasibility 
- Sensitivity analyses of how changing parameters affect profitability of the plant 
- Written report and presentation describing project  
Timeline: 
- Initial project presentation on November 19, 2018 
- Mid-semester presentation on February 26, 2019 
- Final report due on April 23, 2019 
- Final presentation on April 30, 2019 
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Section 2.3: Innovation Map 
 
N/A  
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Section 3 
Initial Project Assessment  
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Section 3.1: Market and Competitive Analysis  
 
3.1.1: Monoethylene Glycol 
 Monoethylene glycol is ubiquitous in polyester fibers, antifreeze for engines, polyethylene 
terephthalate (PET) plastics for food and drink packaging, as well as other industries.4 PET is 
commonly used as the plastic in disposable soda bottles because it retains carbon dioxide gas 
dissolved in carbonated beverages. In 2017, 23.5 million tons of ethylene glycol were consumed 
globally; approximately half of which was as a raw material in polyethylene terephthalate (PET) 
for plastic soda and water bottles.5 Ethylene glycol is produced and consumed on an immense 
scale, and therefore production from renewable resources would have significant environmental 
benefits.  
The conventional, non-renewable method of ethylene glycol production uses ethylene, 
usually obtained from steam-cracking of ethane or the methanol-to-olefin (MTO) process.6 Coca-
ColaⓇ took a lead in the industry, producing renewable ethylene glycol for use in their 
PlantBottleⓇ technology.2 To produce the ethylene glycol for PET, ethanol is first converted to 
ethylene with an acid catalyst. Ethylene is then oxidized to ethylene oxide, which is reacted with 
water to produce ethylene glycol.  
The Green Glycol process produces ethylene oxide from plant-based ethanol in one step 
with the novel catalyst, Au/Li2O/A2O3, whereas the PlantBottle
Ⓡ process produces ethylene oxide 
from ethanol in two steps. The elimination of a step to produce ethylene oxide theoretically reduces 
pieces of equipment and thus capital and operating costs.  
However, the profitability of the Green Glycol process is restricted by the chemistry of the 
first reaction presented in the problem statement.7 Reactant oxygen is fed at low concentrations to 
9
  
prevent coking of the Au/Li2O/Al2O3 catalyst, thus requiring large volumes of carbon dioxide 
diluent. High flow rates of process water were also required for separations and as a reactant for 
the second reaction. These two factors resulted in large and energy-intensive equipment with 
expensive utilities costs.  
Although the main attraction of Green Glycol is the renewable raw material, ethanol is 
more expensive than the conventional non-renewable raw material, ethylene. This limits its ability 
to enter the current market of mostly non-renewable ethylene glycol without a green premium on 
the MEG product or a government subsidy on the ethanol. Green Glycol should be profitable 
enough to compete against companies like M&G Chemicals, which sells a bio-MEG product that 
is converted from soluble sugars.27  
 
3.1.2. Slurry of Polyethylene Glycols 
The other product stream is a slurry of mono-, di-, tri-, and higher order ethylene glycols. 
The slurry will be sold at a low selling price of $2.23 per ton and has a small flow rate of 34,900 
MT per year compared to the main product, MEG. The small amount still adds revenue to the 
Green Glycol process, however, because the slurry of various polyethylene glycols (PEG+) is very 
versatile. There are no direct requirements of the slurry specifications because it is applicable to a 
wide variety of markets. The coproduct stream is highly marketable because it contains highly 
pure ethylene glycol as a result of the effective separations in the Green Glycol process. Only 
negligible amounts of byproducts and unconverted reactants exist in the product streams.  
The highest order ethylene glycol accounted for in the mass balance is triethylene glycol. 
The composition of the slurry product stream is 22.5% MEG, 56.9% DEG, 20.5% TEG. This 
stream could be sold to manufacturers of polyurethane, spandex, refrigerator insulation, lacquers, 
10
  
and plasticizers.5 An additional separation was considered to purify the DEG and sell it as an 
additional coproduct. The revenue did not justify the cost of the separation units, as detailed in 
Section 7.2.2.  
 
Section 3.2: Customer Requirements  
 Green Glycol is fiber-grade ethylene glycol, which is 99.9 wt% monoethylene glycol with 
no greater than 0.05 wt% water.8 Green Glycol must be clear to meet fiber-grade specifications, 
especially since a large proportion will be a raw material in PET plastics, used in soda and water 
bottles. Equipment that involves any water-containing streams was specified as stainless steel as 
opposed to carbon steel to avoid corrosion that would discolor the product.  Before storage, the 
Green Glycol and polyethylene glycol slurry are pumped and cooled to ambient conditions to 
facilitate easy transportation to customers.  
 
Section 3.3: International Markets 
 China is the leading producer of ethylene glycol, occupying 27% of the market share, 
followed by Europe (17%) and North America (17%).6 China is also the leading consumer of PET 
bottles, making Asia the leading region in the production of PET resin with a market share over 
50% since 2015.1 The contract prices for PET granules are expected to grow in the Russian market 
as well.10 Green Glycol has potential in international markets provided there is a green premium 
on the selling price of ethylene glycol, especially given that the average selling price of MEG in 
the United States is lower than that in Brazil, China, Germany, Japan, or Russia. China has the 
highest average selling price of MEG at $3,000/ton, whereas the average selling price of MEG in 
the United States is $1,500/ton.9 As a result, there may be potential for Green Glycol to sell in 
11
  
international markets even without a green premium. China was considered as a potential location 
for the Green Glycol plant, but there are very few large ethanol plants in China. The plant was 
designed to be located near an ethanol plant in the US that could directly deliver the raw material 
ethanol via pipeline.  
Although Green Glycol has competitive potential in international markets, transportation 
costs are not included in the economic analysis, as the target market is the United States to first 
improve domestic sustainability standards.  
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Section 3.4: Product Requirements: Critical-
to-Quality Variables 
 
N/A 
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Section 4 
Product Concepts 
 
N/A 
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Section 5 
Superior Product Concepts 
 
N/A 
 
 
  
15
  
 
 
 
Section 6 
Competitive Patent Analysis 
 
N/A 
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Section 7 
Preliminary Process Synthesis 
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Section 7.1: Reaction Conditions 
 The goal of the project was to produce 200,000 MT per year of fiber-grade monoethylene 
glycol from sustainably-sourced fuel-grade ethanol. The Green Glycol process outlined in this 
report produces 245,000 MT per year, exceeding this demand by 22.5% to account for material 
losses throughout the system that are not accounted for in the Aspen modeling. This novel, green 
process requires two reactions. 
 
Section 7.1.1: Reaction 1 
½ O2 + C2H5OH (ethanol) → H2O + C2H4O (ethylene oxide) 
Reaction 1 produces the ethylene oxide intermediate from ethanol and oxygen feeds in the 
gaseous phase at atmospheric pressure. Based on the research from Leiden University, for the 
Au/Li2O/Al2O3 catalyst, the optimal conditions occur at 200°C (392°F), achieving high yield 
(95%) of ethylene oxide and high conversion of ethanol (80%).3 The reactants are fed in a 1:1 
molar ratio in the research, but the reaction mechanism only requires 0.5 moles of oxygen to be 
consumed for every 1 mole of EO produced. Unconverted oxygen will be recycled, as detailed in 
Section 11.6. Another constraint is that the reactor must remain at approximately 5% of oxygen by 
volume. The researchers at Leiden University proposed argon as a diluent, but due to the added 
costs of purchasing the inert gas, the diluent was changed to carbon dioxide. Similar published 
research explained that there are no additional issues with the substitution of the diluent.10 The 
acidity from carbon dioxide in aqueous solutions that appear later in the process will be neutralized 
via a buffer. Selection and optimization of buffer conditions was beyond the scope of this project, 
and was therefore not included in mass balance or economic analyses. 
18
  
The byproducts of the first reaction include a 2% yield of acetaldehyde and 3% yield of 
carbon dioxide. The production of carbon dioxide further justifies its use as a diluent, as only a 
balance would need to be purchased to offset the amount produced and recycled. Additionally, the 
acetaldehyde is expected to follow the ethanol through the process. The byproduct is produced in 
small enough quantities to not justify purifying the acetaldehyde to sell for an additional source of 
revenue. Based on the mass balances, the acetaldehyde would only add $5.1 MM per year in value 
to the plant, not accounting for the additional column and utilities. Acetaldehyde will be removed 
via a purge following the purification and recycle of ethanol, incurring a smaller cost for 
wastewater treatment instead. 
 
Section 7.1.2: Reaction 2  
C2H4O (ethylene oxide) + H2O → C2H6O2 (monoethylene glycol) 
Research on the conditions of Reaction 2 is much more prevalent, and there is more 
flexibility for optimization. The uncatalyzed reaction is typically operated at 130 °C (266 °F) and 
125.3 psig, as the high pressure ensures that the reaction is kept in the liquid phase. Selecting these 
conditions yields 88% monoethylene glycol, 9.5% diethylene glycol, 1.5% triethylene glycol, and 
1% tetraethylene glycol with trace amounts of higher order polyethylene glycols. However, 
research on catalyzed mechanisms shows that the yield for the high-value MEG could be increased 
to 94%, decreasing the yields of the less valuable DEG to 5% and the PEG+ slurry to 1%.11 As the 
goal of the project is to maximize the profit from the MEG product, the catalyzed reaction was 
explored despite being out of the scope of the initial project guidelines. 
Complete conversion of ethylene oxide is necessary to avoid safety hazards, undesired 
byproducts, and runaway reactions. Industry standard is to perform the uncatalyzed reaction at a 
19
  
molar water:EO ratio of about 22:1.11 The large excess of water not only encourages the complete 
conversion of EO, but the water vapor also suppresses potential combustion. The reaction is 
assumed to undergo complete conversion when uncatalyzed; however, the conversion decreases 
to 99.7% given the catalyzed conditions. The two reactors were designed in series to obtain 100% 
conversion of ethylene oxide and thus guarantee safe operating conditions: the catalyzed packed 
bed will generate the high yield of MEG, followed by the uncatalyzed reaction to ensure that the 
EO is completely consumed, as detailed in Section 11.7.  
 
Section 7.2: Initial Considerations and Alternate Designs 
 
Section 7.2.1: Feeds and Byproducts 
 One of the first steps of design was to determine the gaseous diluent so that oxygen could 
react in a 5% by volume concentration, as was required by the Leiden University research.3 The 
researchers used argon as the diluent, but carbon dioxide was ultimately chosen for the Green 
Glycol process. Carbon dioxide would be less expensive than argon, and it is also a byproduct of 
Reaction 1. Thus, using carbon dioxide would reduce the number of chemicals in the mass balances 
and separations compared to using argon. The makeup feed of carbon dioxide will be minimal 
because the carbon dioxide produced in Reaction 1 is separated and recycled back to the reactor.  
 Acetaldehyde is another byproduct of Reaction 1. Separation of highly pure acetaldehyde 
as a coproduct was considered. However, the revenue it would generate is only valued at $5.1 MM 
per year, which is not worth the investment of the additional distillation column needed to purify 
the acetaldehyde. The quantity of acetaldehyde in the system is regulated by purges to prevent 
20
  
accumulation. A breakdown of the purge splits involving acetaldehyde can be found in Section 
11.6.  
 
Section 7.2.2: Separations 
 Alternative designs were eliminated or replaced based on lack of financial potential. An 
additional cooler was considered before the absorber (A-205) to separate the liquid and vapor 
streams by condensing some of the ethylene oxide that is to be absorbed from the vapor exiting R-
105 into the liquid phase. This method would theoretically reduce the flowrate of water absorbent 
needed to recover enough EO in Stream 16. However, the boiling point of EO is too low to achieve 
sufficient recovery using this method.  
Stripping was first considered for the separation of ethylene oxide from ethanol and water. 
Steam would be used to transfer the large volume of carbon dioxide that exits the reactor into the 
vapor phase to separate it from the ethylene oxide. Distillation was ultimately chosen due to the 
high operating costs of feeding steam into the stripper. A distillation column with a condenser 
could simultaneously remove the water and ethanol (bottoms) from the ethylene oxide (distillate) 
and evaporate the carbon dioxide out of the ethylene oxide.   
 Methods of separating the ethanol and water azeotropic mixture were researched 
thoroughly. Pressure swing distillation was considered, but was ultimately rejected due to issues 
of energy conservation. Azeotropic distillation using cyclohexane as an entrainer was also 
investigated. Modeling this in Aspen demonstrated that there was only a 40% first pass recovery 
of ethanol due to the sheer volume of water in the feed. Additionally, this method would have 
required higher capital cost for three distillation columns and a decanter to remove the second 
liquid phase with the entrainer. The first column would yield 99.9% pure water in the bottoms, 
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leaving a mixture of azeotropic composition of ethanol and water. Cyclohexane would then be 
added to the second column feed, triggering a low-boiling ternary azeotrope. The second 
distillation column would recover 99.9% pure ethanol in the bottoms. A decanter would then 
separate out the cyclohexane-rich phase (for recycle as solvent to the second column), and a water-
rich phase. The water-rich phase would then feed to a third column, which would yield 99.8% pure 
water in the bottoms and recycle any remaining ethanol in the distillate. Due to issues of recovery 
and higher capital cost, azeotropic distillation using cyclohexane was discarded, and the current 
method of distillation followed by molecular sieve drying was selected. Molecular sieve drying 
was strongly suggested by industrial consultants.  
The reaction to produce ethylene glycol from ethylene oxide uses a molar ratio of water to 
EO of 22:1, but the final product must reach under 0.05 wt% of water according to fiber-grade 
specifications.8 The water is lighter than the glycols, so it is expected to separate easily from a 
thermodynamic standpoint. However, there is more than seven times the mass of water than 
ethylene glycol exiting Reaction 2. Modeling this system as pure distillation required two large 
columns with diameters of 30 feet and 26 feet, respectively, that would incur large capital costs 
due to the 1.5x cost factor of building on-site. Modeling this as pure multi-effect evaporation 
required five flash drums, but the last drum would have to operate at the unreasonable pressure of 
-14.68 psig. Five flash drums were replaced with three flash drums and a distillation column to 
reduce costs, while enhancing the separation and achieving the necessary purity.  
Capitalizing on the catalyzed ethylene glycol reaction led to a 6% increase in MEG yield 
and less PEG+ being produced. The MEG is then isolated from the higher order glycols using a 
distillation column. Optimizing the column conditions led to 3.1% of the MEG product being lost 
to the higher order glycol stream. Adding a second column slightly increased the recovery of MEG, 
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but it also decreased purity too much to meet the product quality specifications. The loss of MEG 
product ultimately corresponded to $1.1 MM per year of revenue, which did not justify an 
additional column to recover the lost product at a lower quality and decreased profit margin.  
Furthermore, with the higher quantity of MEG in the higher order glycol stream, an 
additional column to separate fiber-grade DEG has shown that there is a limit of possible purity of 
DEG.  Due to the amount of the lighter MEG still present, a purity of only 57% DEG prevents the 
stream from being sold under fiber-grade specifications. This suggests that the DEG must be sold 
off in the PEG+ slurry, along with the remaining MEG. Mass balances were used to calculate the 
differences in profit from having the 94% of high-value MEG and selling the DEG along with the 
polyglycol slurry versus the 88% yield of MEG and purifying fiber-grade DEG to sell. Ultimately, 
using the catalyzed reaction with one distillation column for MEG led to an additional $28 MM 
per year in credits.  
 
Section 7.2.3: Equipment 
 Initial calculations based on the high product flow rate, 200,000 MT per year, yielded high 
flow rates throughout the system, such as the vapor stream exiting Reaction 1 (21.5 MM ft3/hr). 
The equipment for the plant was therefore very large and capital cost intensive. According to 
standard, the equipment diameter should be no larger than 18 feet to be transported on the highway. 
The equipment diameter should be no larger than 20 feet in diameter and 60 feet in length if 
transported by barge.12 Any equipment exceeding these dimensions would have to be built on site, 
for a 1.5x cost factor. Measures were taken to reduce the cost of equipment (detailed in Section 
13). However, the higher capital cost for some equipment was justified to maximize purity and 
recovery of product.  
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Section 7.3: Catalyst Regeneration 
 The lifetimes of both catalysts were assumed to be five years. These catalysts will be 
licensed from a third party, as catalyst production and regeneration are outside the scope of the 
plant design. The catalyst used in the first reaction, Au/Li2O/Al2O3, is conserved because a low 
concentration of oxygen is used to prevent coking of the catalyst.3 A spreadsheet provided by 
chemical engineering professionals was employed to assess the profitability of the plant design 
outlined in this report. A summary of the total estimated purchase costs of the catalysts over the 
15 projected years of the Profitability Spreadsheet is outlined in Section 16.1.   
 
Section 7.4: Byproduct Management 
 The main byproducts of Reaction 1 include carbon dioxide, acetaldehyde, and diethyl ether. 
However, according to the research from Leiden University, the selectivity of diethyl ether is ~0% 
for the chosen Au/Li2O/Al2O3 catalyst.
3 Therefore, the mass balances and economics do not 
account for diethyl ether, but trace amounts will still be present from a practical standpoint. 
Accumulation of diethyl ether would be regulated by the purge streams associated with the recycle 
streams.  
 Unreacted feeds are recycled to Reaction 1, with purge streams set to prevent accumulation 
and maintain safety considerations. Unconverted oxygen needs to be recycled because the 
reactants are fed in a 1:1 molar ratio, but the reaction mechanism only requires 0.5 moles of oxygen 
to be consumed for every 1 mole of EO produced and 1 mole of ethanol consumed. After Reaction 
1, 99% of the carbon dioxide that enters the absorber is recycled and 99.9% of the acetaldehyde 
follows the ethanol until the azeotropic separation. About one third of the acetaldehyde at this 
stage follows the water out the bottoms of the azeotropic distillation, whereas the other two thirds 
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exit in the distillate with the ethanol. The gas and ethanol recycle streams have purges to prevent 
dangerous accumulation of byproducts and inerts throughout the system. Analysis of purge to 
recycle ratios is detailed in Section 11.6. 
 The byproducts of the second reaction include diethylene glycol, triethylene glycol, and 
higher order glycols. These are separated from the main product, monoethylene glycol, by a 
distillation column. The resulting polyethylene glycol slurry will be sold as a coproduct stream, as 
detailed in Section 3.1.2.   
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Section 8 
Assembly of Database 
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Section 8.1: Cost of Chemicals 
 The raw materials to the process are ethanol, oxygen, carbon dioxide, and process water. 
Undenatured, fuel-grade ethanol will be purchased from an ethanol plant near the plant location 
and transported via pipeline. Purchasing denatured ethanol would typically require an additional 
separation of the heavy denaturant, which makes up 4-5 v/v% of fuel-grade ethanol. Alternatively, 
purchasing undenatured ethanol is typically 1.5x the price of denatured ethanol.13 As discussed in 
Section 9.1, the ideal plant location will assume a $0.10/gal subsidy on the price of ethanol before 
denaturant is added, decreasing the raw material price of ethanol from $1.28/gal to $1.18/gal price. 
This partnership would also eliminate the need for the denaturant separation.  
Pure oxygen will be purchased to eliminate the need for air separation and to allow for 
maximal purity of the reactant. Oxygen will be purchased for $0.03/lb from AirProducts at their 
Nevada, Iowa or LaSalle, Illinois plant. Carbon dioxide will also be purchased from Air Products 
for $0.10/lb.14  The supplied air is expected to have trace amounts of other gases (i.e. nitrogen and 
argon), but these will not be modeled in the Aspen simulation for simplicity. However, a sufficient 
amount of the gaseous recycle will be purged to ensure these inerts do not accumulate in the 
system. The costs of utilities, including electricity, process water, cooling water, chilled water, and 
steam were taken from standard guidelines.12 
 The products of the process are monoethylene glycol, and a slurry of polyethylene glycols, 
consisting of 22.5 wt% mono-, 57.0 wt% di-, 20.5 wt% tri-, and trace amounts of higher order 
glycols. The selling price of monoethylene glycol is $0.62/lb,15 and the selling price of the higher 
order glycol slurry was $0.002/lb.16 
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Section 8.2: Catalyst Properties 
 Catalysts are used to improve the performance of the reactions. Reaction 1, the production 
of ethylene oxide, uses the Au/Li2O/Al2O3 researched by Leiden University,
3 which serves as the 
basis of the one-step ethylene oxide production in the process. Due to lack of data, approximations 
were made as to the cost and exact composition of the catalyst. The paper described using a 
lithium-oxide:alumina ratio of 1:15 in catalyst production, with 5 wt% gold added. The catalyst 
has a macroscopic particle size of ~200 µm. Based on lab scale data, the gas hourly space velocity 
(GHSV) was 2500 hr-1. This data was used in the sizing and design of the reactor, as detailed in 
Section 13.3.  
 Reaction 2, the production of ethylene glycol, uses a catalyst that was researched outside 
the original scope of the project. This catalyst was chosen to improve selectivity for mono-ethylene 
oxide from 88% to 94%. The Sn-10wt%Nb2O5/α-Al2O3 catalyst has a liquid hourly space velocity 
(LHSV) of 10 hr-1, which was used for the sizing and design of the reactor, as detailed in Section 
13.3.11 
 
Section 8.3: Chemical Properties 
 MSDS for each chemical in the process are included in Appendix, Section 22.4. Process 
decisions based on safety considerations are discussed in detail in Section 11.1. Property data for 
major chemicals and utilities are detailed in Table 8.1 and Table 8.2. Properties for tetraethylene 
glycol and higher are not recorded due to trace presence in the process. All properties are listed at 
STP conditions. 
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Table 8.1. Properties of Major Chemicals in Process 
Chemical Molar Mass 
(lb/lbmol) 
Density (lb/ft3) Heat Capacity 
(BTU/lb*°F) 
Boiling Point 
(°F) 
Acetaldehyde 44.05 49.19 0.483 68.4 
Carbon Dioxide 44.01 0.12 0.203 -109.3 
Ethanol 46.07 49.26 0.614 173.1 
Ethylene Glycol (Mono) 62.07 69.48 0.576 387.7 
Ethylene Glycol (Di) 106.12 69.92 0.549 473.0 
Ethylene Glycol (Tri) 150.17 70.23 0.531 545.0 
Ethylene Oxide 44.05 55.06 0.471 51.3 
Methanol 32.04 49.44 0.605 148.5 
Oxygen 15.99 0.09 0.212 -297.4 
Water 18.02 62.43 1.001 212.0 
 
Table 8.2. Properties of Utilities in Process 
Material Supply 
Temperature (°F) 
Heat Capacity 
(BTU/lb*°F) 
Latent Heat of 
Fusion (BTU/lb) 
Cooling Water 90 1.001 - 
Chilled Water 40 1.001 - 
50 psig Steam 298 - 912 
150 psig Steam 366 - 857 
450 psig Steam 574 - 600 
 
 
Section 8.4 Aspen and Visio Modeling  
The Green Glycol process was modeled using Aspen. Thermodynamic properties were 
generated in Aspen using the UNIQUAC activity coefficient model, chosen for its comprehensive 
data for non-ideal liquid-vapor equilibrium systems. Due to large volumes of oxygen and carbon 
dioxide in the process streams, these supercritical gases were added as Henry’s components to 
provide accurate solubility modelling. Undenatured fuel-grade ethanol was modeled in Aspen by 
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making the composition of the ethanol feed stream 98 wt% ethanol, 1.35 wt% water, and 0.65 wt% 
methanol. The equipment associated with the makeup streams to balance recycled raw materials 
are modeled in a separate, smaller Aspen file, rather than in the overall process model (see 
Appendix, Section 22.5.2). Due to limited research provided by Leiden University, Reaction 1 
(production of ethylene oxide) was modeled using RStoic. Further research into the reaction 
mechanism beyond this project would provide more accurate kinetics data for detailed modelling 
of this reactor. Operating conditions for this reactor were taken directly from Leiden University 
research. Reaction 2 (production of ethylene glycols) was modeled with RStoic for similar reasons 
of limited kinetics data.  
Distillation columns were modeled using RadFrac, and the absorber was modeled as a 
RadFrac column with no reboiler or condenser. The molecular sieves unit was modeled as a Sep2 
unit at proper operating conditions to account for mass flows, with further details considered in 
economic analysis in Section 13.4. The multi-effect distillation system was modeled as a series of 
flash drums, with the heat exchanged from the vapor stream feeding directly into the next flash in 
the series. Heaters were used instead of heat exchangers in the Aspen simulation for simplicity. 
Utilities calculations for heat exchanger modeling were not included in the Aspen simulation but 
were completed in Section 17.2 with a sample in the Appendix, Section 22.3.6.2.  
Heaters are shown in the overall process flow diagram drawn in Visio in Section 10.1 and 
in the overall process flow diagram modeled in Aspen in the Appendix, Section 22.5.1. Shell-and-
tube heat exchangers are shown in place of heaters in the process flow diagrams modeled in Visio 
for each Area of the Green Glycol process (Sections 10.2-10.8).  These units accurately reflect the 
equipment costing of the Green Glycol process, as all of the heating/cooling equipment was costed 
as shell-and-tube heat exchangers using the Equipment Costing spreadsheet.  The Visio overall 
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process flow diagram (Section 10.1) differs slightly from the Aspen overall process flow diagram 
(Appendix, Section 22.5.1) for legibility. The former does not include the split of heat exchangers 
into chilled and cooling water utilities, as detailed in Section 12.1. These splits are shown in the 
Aspen overall process flow diagram (Appendix, Section 22.5) and Visio process flow diagrams for 
specific areas (Section 10.2-10.8).   
The conditions for the absorber were based on maximal ethylene oxide recovery and 
separation of vapors, by manipulating the flow of chilled water. The conditions for the distillation 
columns were optimized to obtain desired product purity and maximal recovery by adjusting the 
distillate rate and reflux ratio. The pressures and duties of the multi-effect evaporation flashes were 
adjusted to create a proper heat flow between the streams, with maximal and approximately equal 
water recovery in each unit. Pressure drops of 4.4 psig (0.3 atm) were integrated across each unit, 
with pumps and compressors added to maintain pressure driven flow.  Pressure drops in mixer and 
splitter units were assumed to account for any pressure considerations along pipe lengths. 
Consequently, rigorous calculations for the pressure drop across each pipe were not included to 
simplify the Aspen modeling. Storage tanks were not included in the Aspen simulation, but were 
added to complete economic analysis of the plant.  
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Section 9 
Other Important Considerations 
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Section 9.1: Plant Location 
Approximately 78 MM gallons per year of fuel-grade ethanol are needed to meet the 
demand to produce 540 MM lb per year of ethylene glycol. This plant will be located near an 
ethanol facility, thus modeling the removal (distillation) of the denaturant is outside of the project 
scope and will not be explored. The plant location was determined by investigating the annual 
production capacities of ethanol plants in the US and ensuring any individual supplier has a 
production capacity of at least double the required feed to the Green Glycol process. The largest 
ethanol plants are located in the midwest, and choosing a location farther north would make the 
procurement of chilled water (41°F) more reasonable than if the plant were located along the Gulf 
Coast. Additionally, a location along the Mississippi River is ideal to ease transportation of the 
product ethylene glycol via barge in addition to via rail, truck, or pipeline.  
A contract will be made with Archer Daniels Midland Co. on a fuel-grade feed at a reduced 
price due to the shortened transportation via pipeline. Their plant in Clinton, Iowa has a production 
capacity of 237 MM gallons per year and meets the aforementioned requirements.17 The price of 
the fuel-grade ethanol feed is estimated to decrease by approximately $0.10/gal below the typical 
selling price of $1.28/gal. Given the plant location in the midwest, this would amount to a price of 
$0.18/lb of ethanol. Archer Daniels Midland Co. also owns two other plants in Cedar Rapids, Iowa, 
which have production capacities of 300 MM and 240 MM gallons per year, both of which can 
support the supply of this ethylene glycol plant. In the case of a long-term emergency, the contract 
with Archer Daniels Midland Co. can be switched from their Clinton site to their Cedar Rapids 
sites without significant additional costs. A sensitivity on the profitability of the plant as a function 
of ethanol price is analyzed in Section 18.1.2. 
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Section 9.2: Startup & Turnaround 
 This plant design does not include the costs or reactant quantities required for the start-up 
of the plant. The calculations are based on the plant operation at a steady-state after start-up had 
been established. The feeds required for start-up would be greater than those calculated in this 
report. The calculated feeds are make-up streams as all of the materials fed to the process, including 
fuel-grade ethanol, carbon dioxide, oxygen, and water, are recycled. The start-up feeds would be 
80,000 lb/hr ethanol, 13.3 MM lb/hr carbon dioxide, 26,400 lb/hr oxygen, and  4.31 MM lb/hr 
water. Additionally, start-up of the plant will include reducing the Au/Li2O/Al2O3 catalyst with 
hydrogen gas (96 vol% H2 and 4 vol% argon) at 752°F,
3 although this may be completed by the 
third-party supplier. 
A life cycle of five years is assumed for both the catalysts used in the process, 
Au/Li2O/Al2O3 for Reaction 1 and Sn-10wt%Nb2O5/α-Al2O3 for Reaction 2. Therefore, the plant 
turnaround would be every five years. The total bare module cost for three leased cycles of fresh 
catalysts over the 15 projected years of operation is detailed in Table 16.1.   
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Section 10 
Process Flow Diagrams and Material Balances  
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OVERALL MATERIAL BALANCE 
 
 
 
  
Stream Number 1 4 6 13 58 60 83 88 89 
Temperature (F) 77.0 77.0 77.0 90.0 43.4 77 118.9 90.0 90.0 
Pressure (psig) 0 0 0 0 0 0 147 0 0 
Vapor Fraction 0 1 1 0 0.03 0 0 0 0 
Mass Flow (lb/hr) 59494.8 20369.8 6584.1 172763.0 207161.1 41158.1 22994.1 61564.1 8794.4 
Molar flow (lbmol/hr) 1322.3 636.6 149.6 9597.9 11032.3 2286.6 1268.9 991.5 91.1 
Component Mass Flow (lb/hr)          
Ethanol 58304.9    491.8  25.7 0 0 
Oxygen  20369.8   289.5  0.0 0 0 
Carbon Dioxide   6584.1  13419.7  46.1 0 0 
Water 803.2   172763.0 192855.6 41158.1 22792.6 0.3 0.0 
Ethylene Oxide    0 42.4 0 0 0 0 
Acetaldehyde    0 42.4 0 1 0 0 
Monoethylene Glycol    0 0 0 127.2 61503.7 1982.2 
Diethylene Glycol    0 0 0 0.9 60.1 5009.3 
Triethylene Glycol    0 0 0 0 0 1802.9 
Methanol 386.7   0 19.8 0 0.5 0 0 
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Section 10.2: Feeds and Ethylene Oxide Reaction - AREA 100
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AREA 100 – Feeds and Ethylene Oxide Reaction 
 
 
 
  
Stream Number 1 2 3 4 5 6 7 8 
Temperature (F) 77.0 77.1 212.0 77.0 129.1 77.0 117.1 126.6 
Pressure (psig) 0 13.2 8.8 0 4.4 0 4.4 0 
Vapor Fraction 0 0 1 1 1 1 1 1 
Mass Flow (lb/hr) 59494.8 79697.1 79697.1 20369.8 53903.0 6584.1 1339308.2 1472908.4 
Molar flow (lbmol/hr) 1322.3 1771.2 1771.2 636.6 1684.5 149.6 30432.0 33887.8 
Component Mass Flow (lb/hr)         
Ethanol 58304.9 78103.2 78103.2  0.0  0.0 78103.2 
Oxygen  0 0 20369.8 53903.0  0.0 53903.0 
Carbon Dioxide  0 0  0 6584.1 1339308.2 1339308.2 
Water 803.2 1075.9 1075.9  0.0  0.0 1075.9 
Ethylene Oxide  0.0 0.0  0.0  0.0 0.0 
Acetaldehyde  0.0 0.0  0.0  0.0 0.0 
Ethylene Glycol  0.0 0.0  0.0  0.0 0.0 
Diethylene Glycol  0.0 0.0  0.0  0.0 0.0 
Triethylene Glycol  0.0 0.0  0.0  0.0 0.0 
Methanol 386.7 518.0 518.0  0.0  0.0 518.0 
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AREA 100 (CONTINUED) 
 
 
  Stream Number 9 31 40 
Temperature (F) 392.0 138.8 300.0 
Pressure (psig) 0 4.4 56.2 
Vapor Fraction 1 1 1.0 
Mass Flow (lb/hr) 1472908.4 1366144.4 13953.6 
Molar flow (lbmol/hr) 34586.3 31449.0 307.6 
Component Mass Flow (lb/hr)    
Ethanol 15620.6 0.4 12780.8 
Oxygen 28948.4 28658.9 0 
Carbon Dioxide 1342889.6 1328548.9 0 
Water 26975.7 4966.6 36.0 
Ethylene Oxide 56761.0 3969.0 73.1 
Acetaldehyde 1195.0 0.5 789.7 
Ethylene Glycol 0.0 0.0 0 
Diethylene Glycol 0.0 0.0 0 
Triethylene Glycol 0.0 0.0 0 
Methanol 518.0 0.0 274.0 
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Section 10.3: Ethylene Oxide Separation - AREA 200
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AREA 200 – Ethylene Oxide Separation 
 
Stream Number 9 10 11 12 13 14 15 16 
Temperature (F) 392.0 488.3 175.0 59.0 90.0 90.0 41.0 49.2 
Pressure (psig) 0 8.8 4.4 4.4 0 4.4 0 4.4 
Vapor Fraction 1.0 1.0 1.0 1.0 0 0 0 0 
Mass Flow (lb/hr) 1472908.4 1472908.4 1472908.4 1472908.4 172763.0 3836043.4 3836043.4 3942829.8 
Molar flow (lbmol/hr) 34586.3 34586.3 34586.3 34586.3 9597.9 212932.8 212932.8 216066.7 
Component Mass Flow (lb/hr)         
Ethanol 15620.6 15620.6 15620.6 15620.6  0 0 15620.6 
Oxygen 28948.4 28948.4 28948.4 28948.4  0 0 7.9 
Carbon Dioxide 1342889.6 1342889.6 1342889.6 1342889.6  0 0 12031.9 
Water 26975.7 26975.7 26975.7 26975.7 172763.0 3836043.4 3836043.4 3858010.7 
Ethylene Oxide 56761.0 56761.0 56761.0 56761.0 0 0 0 55445.6 
Acetaldehyde 1195.0 1195.0 1195.0 1195.0 0 0 0 1195.0 
Ethylene Glycol 0 0 0 0 0 0 0 0 
Diethylene Glycol 0 0 0 0 0 0 0 0 
Triethylene Glycol 0 0 0 0 0 0 0 0 
Methanol 518.0 518.0 518.0 518.0 0 0 0 518.0 
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AREA 200 (CONTINUED) 
 
 
 
Stream Number 17 18 19 20 21 22 23 24 
Temperature (F) 41.7 139.9 49.0 49.0 49.0 49.5 49.4 49.4 
Pressure (psig) 0 13.2 0 0 0 57.3 57.3 57.3 
Vapor Fraction 1.0 1.0 0 0 0 0 0 0 
Mass Flow (lb/hr) 1366122.0 1366122.0 1314276.6 1314276.6 1314276.6 1314276.6 1314276.6 1314276.6 
Molar flow (lbmol/hr) 31452.3 31452.3 72022.2 72022.2 72022.2 72022.2 72022.2 72022.2 
Component Mass Flow (lb/hr)         
Ethanol 0 0 5206.9 5206.9 5206.9 5206.9 5206.9 5206.9 
Oxygen 28940.5 28940.5 2.6 2.6 2.6 2.6 2.6 2.6 
Carbon Dioxide 1330857.7 1330857.7 4010.6 4010.6 4010.6 4010.6 4010.6 4010.6 
Water 5008.3 5008.3 1286003.6 1286003.6 1286003.6 1286003.6 1286003.6 1286003.6 
Ethylene Oxide 1315.4 1315.4 18481.9 18481.9 18481.9 18481.9 18481.9 18481.9 
Acetaldehyde 0 0 398.3 398.3 398.3 398.3 398.3 398.3 
Ethylene Glycol 0 0 0 0 0 0 0 0 
Diethylene Glycol 0 0 0 0 0 0 0 0 
Triethylene Glycol 0 0 0 0 0 0 0 0 
Methanol 0 0 172.7 172.7 172.7 172.7 172.7 172.7 
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AREA 200 (CONTINUED) 
  
Stream Number 25 26 27 28 29 30 31 32 
Temperature (F) 49.4 208.4 295.2 41.0 41.0 138.8 138.8 138.8 
Pressure (psig) 52.9 48.5 48.5 44.1 44.1 8.8 4.4 4.4 
Vapor Fraction 0 0 0 0 1.0 1.0 1.0 1.0 
Mass Flow (lb/hr) 3942829.8 3942829.8 3872987.3 56020.5 13821.9 1379943.9 1366144.4 13799.4 
Molar flow (lbmol/hr) 216066.7 216066.7 214419.5 1332.9 314.4 31766.7 31449.0 317.7 
Component Mass Flow (lb/hr)         
Ethanol 15620.6 15620.6 15105.7 514.5 0.4 0.4 0.4 0 
Oxygen 7.9 7.9 0.0 0.0 7.9 28948.4 28658.9 289.5 
Carbon Dioxide 12031.9 12031.9 0.0 921.0 11110.9 1341968.6 1328548.9 13419.7 
Water 3858010.7 3858010.7 3856123.8 1878.5 8.5 5016.8 4966.6 50.2 
Ethylene Oxide 55445.6 55445.6 76.1 52675.8 2693.7 4009.1 3969.0 40.1 
Acetaldehyde 1195.0 1195.0 1173.6 20.8 0.5 0.5 0.5 0 
Ethylene Glycol 0 0 0 0 0 0 0 0 
Diethylene Glycol 0 0 0 0 0 0 0 0 
Triethylene Glycol 0 0 0 0 0 0 0 0 
Methanol 518.0 518.0 508.0 10.0 0.01 0.01 0.01 0.0001 
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Section 10.4: Water-Ethanol Azeotropic Distillation - AREA 300
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AREA 300 – Water-Ethanol Azeotropic Distillation 
  
Stream Number 27 33 34 35 36 37 38 39 
Temperature (F) 295.2 220.0 225.5 162.8 163.1 300.0 300.0 300.0 
Pressure (psig) 48.5 44.1 4.4 0.0 65.0 60.6 60.6 60.6 
Vapor Fraction 0 0 0 0 0 1.0 0.2 1.0 
Mass Flow (lb/hr) 3872987.3 3872987.3 3856783.3 16204.0 16204.0 16204.0 1818.8 14385.2 
Molar flow (lbmol/hr) 214419.5 214419.5 214006.3 413.2 413.2 413.2 96.1 317.1 
Component Mass Flow (lb/hr)         
Ethanol 15105.7 15105.7 1796.5 13309.2 13309.2 13309.2 133.1 13176.1 
Oxygen 0 0 0 0 0 0 0 0 
Carbon Dioxide 0 0 0 0 0 0 0 0 
Water 3856123.8 3856123.8 3854412.8 1711.0 1711.0 1711.0 1673.9 37.1 
Ethylene Oxide 76.1 76.1 0 76.1 76.1 76.1 0.8 75.4 
Acetaldehyde 1173.6 1173.6 351.3 822.3 822.3 822.3 8.2 814.1 
Ethylene Glycol 0 0 0 0 0 0 0 0 
Diethylene Glycol 0 0 0 0 0 0 0 0 
Triethylene Glycol 0 0 0 0 0 0 0 0 
Methanol 508.0 508.0 222.7 285.3 285.3 285.3 2.9 282.5 
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AREA 300 (CONTINUED) 
 
 
 
 
Stream Number 40 41 42 43 44 45 46 47 
Temperature (F) 300.0 300.0 211.9 194.4 194.4 194.4 232.8 231.6 
Pressure (psig) 56.2 56.2 0.0 -4.4 -4.4 -4.4 22.0 17.6 
Vapor Fraction 1.0 1.0 0 0 0 0 0 0 
Mass Flow (lb/hr) 13953.6 431.6 3858602.2 1286200.7 1286200.7 1286200.7 1286200.7 1286200.7 
Molar flow (lbmol/hr) 307.6 9.5 214102.4 71367.5 71367.5 71367.5 71367.5 71367.5 
Component Mass Flow (lb/hr)         
Ethanol 12780.8 395.3 1929.6 643.2 643.2 643.2 643.2 643.2 
Oxygen 0 0 0 0 0 0 0 0 
Carbon Dioxide 0 0 0 0 0 0 0 0 
Water 36.0 1.1 3856086.7 1285362.2 1285362.2 1285362.2 1285362.2 1285362.2 
Ethylene Oxide 73.1 2.3 0.8 0.3 0.3 0.3 0.3 0.3 
Acetaldehyde 789.7 24.4 359.5 119.8 119.8 119.8 119.8 119.8 
Ethylene Glycol 0 0 0 0 0 0 0 0 
Diethylene Glycol 0 0 0 0 0 0 0 0 
Triethylene Glycol 0 0 0 0 0 0 0 0 
Methanol 274.0 8.5 225.6 75.2 75.2 75.2 75.2 75.2 
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AREA 300 (CONTINUED) 
 
 
 
 
Stream Number 48 49 50 51 52 53 54 55 56 57 
Temperature (F) 232.8 120.0 120.0 120.0 40.0 40.0 40.0 40.0 40.0 40.0 
Pressure (psig) 22.0 17.6 13.2 17.6 17.6 13.2 17.6 8.8 4.4 4.4 
Vapor Fraction 0 0 0 0 0 0 0 0 0 0 
Mass Flow (lb/hr) 1286200.7 1286200.7 1286200.7 1286200.7 1286200.7 1286200.7 1286200.7 3858602.2 192930.1 3665672.0 
Molar flow (lbmol/hr) 71367.5 71367.5 71367.5 71367.5 71367.5 71367.5 71367.5 214102.4 10705.1 203397.3 
Component Mass Flow (lb/hr)           
Ethanol 643.2 643.2 643.2 643.2 643.2 643.2 643.2 1929.6 96.5 1833.1 
Oxygen 0 0 0 0 0 0 0 0 0 0 
Carbon Dioxide 0 0 0 0 0 0 0 0 0 0 
Water 1285362.2 1285362.2 1285362.2 1285362.2 1285362.2 1285362.2 1285362.2 3856086.7 192804.3 3663282.4 
Ethylene Oxide 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.8 0.0 0.7 
Acetaldehyde 119.8 119.8 119.8 119.8 119.8 119.8 119.8 359.5 18.0 341.5 
Ethylene Glycol 0 0 0 0 0 0 0 0 0 0 
Diethylene Glycol 0 0 0 0 0 0 0 0 0 0 
Triethylene Glycol 0 0 0 0 0 0 0 0 0 0 
Methanol 75.2 75.2 75.2 75.2 75.2 75.2 75.2 225.6 11.3 214.3 
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Section 10.5: Reaction 1 Purges
50
REACTION 1 PURGES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Stream Number 32 41 56 58 
Temperature (F) 138.8 300.0 40.0 43.4 
Pressure (psig) 4 56 4 0 
Vapor Fraction 1 1 0 0.03 
Mass Flow (lb/hr) 13799.4 431.6 192930.1 207161.1 
Molar flow (lbmol/hr) 317.7 9.5 10705.1 11032.3 
Component Mass Flow (lb/hr)     
Ethanol 0 395.3 96.5 491.8 
Oxygen 289.5 0.0 0 289.5 
Carbon Dioxide 13419.7 0 0 13419.7 
Water 50.2 1 192804.3 192855.6 
Ethylene Oxide 40.1 2 0 42.4 
Acetaldehyde 0 24.4 18.0 42.4 
Monoethylene Glycol 0 0 0 0 
Diethylene Glycol 0 0 0 0 
Triethylene Glycol 0 0 0 0 
Methanol 0 8 11.3 19.8 
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AREA 400 – Ethylene Glycol Production 
 
Stream Number 28 59 60 61 62 63 64 82 
Temperature (F) 41.0 41.8 77.0 77.6 76.4 302.0 266.0 118.9 
Pressure (psig) 44.1 147.0 0 147.0 142.6 132.3 132.3 147.0 
Vapor Fraction 0 0 0 0 0 0 0 0 
Mass Flow (lb/hr) 56020.5 56020.5 41158.1 474219.7 530240.2 530240.2 530240.2 436887.7 
Molar flow (lbmol/hr) 1332.9 1332.9 2286.6 26323.2 27656.1 26463.9 26460.3 24108.8 
Component Mass Flow (lb/hr)         
Ethanol 514.5 514.5  0 514.5 514.5 514.5 488.7 
Oxygen 0 0  0 0 0 0.0 0.0 
Carbon Dioxide 921.0 921.0  0 921.0 921.0 921.0 875.0 
Water 1878.5 1878.5 41158.1 474219.7 476098.2 455910.0 455853.1 433060.2 
Ethylene Oxide 52675.8 52675.8 0 0 52675.8 158.0 0 0 
Acetaldehyde 20.8 20.8 0 0 20.8 20.8 20.8 19.8 
Ethylene Glycol 0 0 0 0 0 65855.2 66029.9 2416.9 
Diethylene Glycol 0 0 0 0 0 5060.5 5087.1 16.9 
Triethylene Glycol 0 0 0 0 0 1790.3 1803.8 0.8 
Methanol 10.0 10.0 0 0 10.0 10.0 10.0 9.5 
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AREA 500 – Water-EG Separation: Multi-Effect Separation 
 
 
 
Stream Number 64 65 66 67 68 69 70 71 
Temperature (F) 266.0 192.3 192.3 180.9 180.9 169.6 169.6 169.7 
Pressure (psig) 132.3 -5.4 -5.4 -7.6 -7.6 -9.8 -9.8 8.8 
Vapor Fraction 0.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0 
Mass Flow (lb/hr) 530240.2 423532.6 106707.7 302618.5 120914.1 167857.9 134760.6 167857.9 
Molar flow (lbmol/hr) 26460.3 20593.8 5866.6 13904.5 6689.2 6469.6 7435.0 6469.6 
Component Mass Flow (lb/hr)         
Ethanol 514.5 119.7 394.8 18.5 101.1 1.4 17.1 1.4 
Oxygen 0 0 0 0 0 0 0 0 
Carbon Dioxide 921.0 0.5 920.5 0 0.5 0 0 0 
Water 455853.1 350798.4 105054.7 230470.6 120327.8 96862.8 133607.7 96862.8 
Ethylene Oxide 0.0 0.0 0 0 0 0 0 0 
Acetaldehyde 20.8 2.0 18.8 0.1 1.9 0 0.1 0 
Ethylene Glycol 66029.9 65721.2 308.8 65245.2 475.9 64119.3 1125.9 64119.3 
Diethylene Glycol 5087.1 5084.2 2.9 5080.3 4.0 5071.3 8.9 5071.3 
Triethylene Glycol 1803.8 1803.5 0.3 1803.2 0.3 1802.9 0.2 1802.9 
Methanol 10.0 3.2 6.8 0.7 2.5 0.1 0.6 0.1 
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AREA 500 (CONTINUED) 
 
 
Stream Number 72 73 74 75 76 77 78 79 
Temperature (F) 392.0 90.0 90.0 90.0 212.1 97.0 90.6 90.6 
Pressure (psig) 4.4 -5.4 -7.6 -9.8 0.0 155.8 155.8 155.8 
Vapor Fraction 1.0 0.0 0 0 0 0 0 0 
Mass Flow (lb/hr) 167857.9 106707.7 120914.1 134760.6 97499.4 106707.7 120914.1 134760.6 
Molar flow (lbmol/hr) 6469.6 5866.6 6689.2 7435.0 5386.9 5866.6 6689.2 7435.0 
Component Mass Flow (lb/hr)         
Ethanol 1.4 394.8 101.1 17.1 1.4 394.8 101.1 17.1 
Oxygen 0 0 0 0 0 0 0 0 
Carbon Dioxide 0 920.5 0.5 0 0 920.5 0.5 0 
Water 96862.8 105054.7 120327.8 133607.7 96862.5 105054.7 120327.8 133607.7 
Ethylene Oxide 0 0 0 0 0 0 0 0 
Acetaldehyde 0 18.8 1.9 0.1 0 18.8 1.9 0.1 
Ethylene Glycol 64119.3 308.8 475.9 1125.9 633.5 308.8 475.9 1125.9 
Diethylene Glycol 5071.3 2.9 4.0 8.9 1.9 2.9 4.0 8.9 
Triethylene Glycol 1802.9 0.3 0.3 0.2 0.0 0.3 0.3 0.2 
Methanol 0.1 6.8 2.5 0.6 0.1 6.8 2.5 0.6 
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AREA 500 (CONTINUED) 
 
Stream Number 80 81 82 83 84 
Temperature (F) 212.7 118.9 118.9 118.9 404.6 
Pressure (psig) 155.8 151.4 147.0 147.0 4.4 
Vapor Fraction 0 0 0 0 0 
Mass Flow (lb/hr) 97499.4 459881.8 436887.7 22994.1 70358.5 
Molar flow (lbmol/hr) 5386.9 25377.7 24108.8 1268.9 1082.6 
Component Mass Flow (lb/hr)      
Ethanol 1.4 514.5 488.7 25.7 0 
Oxygen 0 0 0 0 0 
Carbon Dioxide 0 921.0 875.0 46.1 0 
Water 96862.5 455852.8 433060.2 22792.6 0.3 
Ethylene Oxide 0 0 0 0 0 
Acetaldehyde 0 20.8 19.8 1.0 0 
Ethylene Glycol 633.5 2544.1 2416.9 127.2 63485.9 
Diethylene Glycol 1.9 17.8 16.9 0.9 5069.4 
Triethylene Glycol 0 0.8 0.8 0.0 1802.9 
Methanol 0.1 10.0 9.5 0.5 0.0 
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AREA 600 – Green Glycol Separation from Polyethylene Glycols 
 
 
 Stream Number 84 85 86 87 88 89 
Temperature (F) 404.6 386.7 465.5 386.8 90.0 90.0 
Pressure (psig) 4.4 0.0 4.4 4.4 0 0 
Vapor Fraction 0 0 0 0 0 0 
Mass Flow (lb/hr) 70358.5 61564.1 8794.4 61564.1 61564.1 8794.4 
Molar flow (lbmol/hr) 1082.6 991.5 91.1 991.5 991.5 91.1 
Component Mass Flow (lb/hr)       
Ethanol 0 0 0 0 0 0 
Oxygen 0 0 0 0 0 0 
Carbon Dioxide 0 0 0 0 0 0 
Water 0.3 0.3 0 0.3 0.3 0 
Ethylene Oxide 0 0 0 0 0 0 
Acetaldehyde 0 0 0 0 0 0 
Ethylene Glycol 63485.9 61503.7 1982.2 61503.7 61503.7 1982.2 
Diethylene Glycol 5069.4 60.1 5009.3 60.1 60.1 5009.3 
Triethylene Glycol 1802.9 0 1802.9 0 0 1802.9 
Methanol 0 0 0 0 0 0 
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Section 11 
Process Descriptions  
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Section 11.1. Chemical Safety 
 Multiple operating conditions in the Green Glycol process were designed based around the 
safety concerns for ethylene oxide due to its reactivity, flammability, and toxicity. Reaction 2 
converts ethylene oxide and water to ethylene glycol. Pure process water is fed to reactors R-
403/R-404 to prevent runaway reactions with contaminants. The reactivity of ethylene oxide 
exponentially increases at high temperatures and pressures.18 Therefore, runaway reactions are 
concerning for Reaction 2, which occurs at 147 psig and 302°F. Although also in contact with 
water in the absorber (A-205), ethylene oxide is not expected to hydrolyze at atmospheric pressure 
and low temperatures.28 The absorber (A-205) operates at 0 psig and between 41.7°F and 49.2°F, 
which will prevent unexpected reactivity. The reactivity of ethylene oxide also increases in acidic 
conditions. The presence of the carbon dioxide will cause acidic conditions in the absorber, so a 
buffer should be added to the feed absorbent to regulate the pH. The specifications and cost of the 
buffer are beyond the scope of this process design.  
 The complete conversion of ethylene oxide was a main priority to suppress undesired 
reactivity. Reaction 2 was designed according to industry standard with a molar ratio of water to 
ethylene oxide of 22:1. This high ratio also suppresses the flammability risk of ethylene oxide in 
the high pressure reactors (R-403/R-404). Additionally, the design of two reactors in series for 
Reaction 2 ensures complete ethylene oxide conversion. The first reactor contains a packed bed of 
53,000 lb Sn-10wt%Nb2O5/α-Al2O3 catalyst to maximize MEG yield, whereas the second reaction 
is uncatalyzed and converts the remaining 0.3% of the ethylene oxide. 
 The overall purge stream with ethylene oxide was designed to contain a maximum 0.03 
wt% EO as a safeguard from the toxicity risk.19 However, there was a limit in the performance of 
the absorber (A-205) due to the difficulty of separating ethylene oxide from carbon dioxide, 
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yielding a mass composition of 0.1 wt% EO in the gas purge (Stream 32). Thus, the individual 
purges (Streams 32, 41, and 56) were designed to mix before leaving the system, further diluting 
the ethylene oxide concentration to meet safety regulations. The purge streams will need to be sent 
for wastewater treatment at an additional cost to mitigate environmental impact and prevent 
exposure to the organics present. The utilities cost of the purge wastewater treatment is discussed 
in Section 17.2.  
 
Section 11.2: Feeds and Storage Tanks - Area 100 
 Fuel-grade undenatured ethanol will be directly pipelined to storage tank T-106 from a 
nearby Archer Daniels Midland Co. ethanol plant. The composition of undenatured fuel-grade 
ethanol is approximated to be 98 wt% ethanol, 1.35 wt% water, and 0.65 wt% methanol.20 Other 
contaminants are likely to be present in the ethanol feed from a practical standpoint, but these will 
not be modeled for simplicity of calculations throughout this report. Ethanol will enter the process 
at a flow rate of 59,500 lb/hr. The storage tank was designed to hold only five days’ worth of the 
ethanol feed due to the proximity of direct pipeline options. This storage helps mitigate any 
disruption of ethanol supply caused by potential emergencies in which delivery via direct pipeline 
is not feasible. T-106 is maintained in the liquid phase at 77°F and 0 psig. 
Oxygen (Stream 4) is fed to compressor C-103, and carbon dioxide (Stream 6) is fed to 
compressor C-104. These compressors increase the pressure from 0 psig to 4.4 psig to account for 
the pressure drop from mixing prior to entering reactor R-105. Pure carbon dioxide and oxygen 
feeds will be purchased at room temperature 77 °F from a nearby AirProducts gas purification 
facility. Pure oxygen and carbon dioxide will be purchased as opposed to air and an onsite air 
separation plant because of the specific 5 v/v% oxygen requirement for Reaction 1 (R-105). Pure 
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gas reactants will also mitigate undesired reactions caused by contaminants that an air feed would 
contain. The make-up flow rates of carbon dioxide and oxygen were calculated in a similar manner 
to that of ethanol, which is further discussed in Section 11.6. A noteworthy difference between the 
calculations is that Reaction 1 consumes oxygen but produces carbon dioxide. While these two 
components are recycled together, their makeup feeds are scaled differently to account for the 
extents of reaction.  
 
Section 11.3: One-Step Ethylene Oxide Reactor - Area 100 
 The Leiden University research specifies that Reaction 1 occurs at atmospheric pressure.3 
Thus, ethanol (Stream 1) is first pumped to 13.2 psig in P-101, to account for the subsequent two 
pressure drops from heater E-102 and mixing before entering R-105. Heater E-102 vaporizes the 
feed ethanol, as Reaction 1 occurs in the gaseous phase. Although the boiling point of ethanol is 
only 173.1°F, the Leiden University research stated that the reactor should be at 392°F to achieve 
the highest yield of ethylene oxide.3 Therefore, setting the discharge temperature of heater E-102 
to 212°F helps decrease the utilities associated with the heat duty of reactor R-105.  
Gaseous feeds of carbon dioxide, oxygen, and ethanol enter the packed bed reactor R-105 
with the gold/lithium oxide/alumina catalyst according to the novel chemistry mechanism 
discovered by Leiden University.3. The research provides catalyst selection and reaction condition 
data but does not include kinetic data. Published results demonstrate behavior of multiple catalysts 
at varying molar ratios of ethanol to oxygen. 
A 1:1 molar ratio of ethanol to oxygen was chosen because it produced the best yield of 
ethylene oxide given the conditions tested within the published research. Several catalysts were 
explored in the paper, including Au/Li2O/Al2O3, Ag/Li2O/Al2O3, and Cu/Li2O/Al2O3. Although 
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the Ag/Li2O/Al2O3 catalyst gave a 96% ethylene oxide yield, the ethanol conversion was only 58%. 
The Au/Li2O/Al2O3 catalyst optimized both higher yield of ethylene oxide and higher conversion 
of ethanol. Finally, the reaction temperature of 392 °F was chosen to achieve 95% ethylene oxide 
yield and 80% ethanol conversion, as according to the published research. Operating conditions 
for Reaction 1 were chosen by maximizing ethylene oxide production per unit of raw material 
purchased.  
The following reactions occur in R-105: 
½ O2 + C2H5OH (ethanol) → H2O + C2H4O (ethylene oxide)    [1] 
3O2 + C2H5OH (ethanol) → 2CO2 + 3H2O      [2] 
½ O2 + C2H5OH (ethanol) → H2O + CH3CHO (acetaldehyde)  [3] 
In addition to the desired reaction [1], two side reactions [2, 3] occur between oxygen and 
ethanol, which form byproducts carbon dioxide, diethyl ether, and acetaldehyde. The oxygen must 
have a 5 v/v% concentration in R-105 due to limitations with the catalyst. Carbon dioxide was 
chosen as the diluent for oxygen since it is produced via reaction [2], which is discussed in detail 
in Section 7.1.1. The Leiden University research evaluated the yields of byproducts diethyl ether 
and acetaldehyde as functions of reaction temperature. The chosen operation temperature of 392°F 
not only maximized ethylene oxide yield, but also minimized diethyl ether and acetaldehyde 
yields. Diethyl ether is not accounted for in the mass of balance of the Green Glycol process due 
to negligible yield. Accumulation of trace diethyl ether in a practical setting will be avoided 
because it can exit the process in the purges. Acetaldehyde is accounted for in the mass balance, 
as discussed in Section 7.4, and the majority will be purged in Stream 58.  
The heat duty of R-105 is modeled as a shell-and-tube heat exchanger, with steam used to 
heat the feed. The steam required to heat the contents of R-105 to 392°F were calculated and 
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included in the profitability analysis. The utility requirement to keep the reactor running at 392°F 
is 450 psig steam at 44,313 lb/hr.  
 
Section 11.4: Ethylene Oxide Separation - Area 200 
 Area 200 consists of the absorber, A-205, and distillation column, D-211, that are used to 
separate the ethylene oxide from the products of the first reaction. The ethylene oxide will then be 
fed to R-403/R-404 to produce Green Glycol.  
 Before the absorber, the gaseous products of Reaction 1 are compressed to 8.8 psig to 
account for the pressure drop in the following cooler, E-202. The cooler decreases the temperature 
of the absorber feed from 392°F to 59°F to assist the absorbance of the valued ethylene oxide in 
chilled water absorbent. The cooler alone is not sufficient to condense the ethylene oxide due to 
its low boiling point, thus necessitating the absorber to transfer EO from the supercritical gases to 
the liquid phase. Different absorbents such as oil and glycol were also considered, but water was 
chosen to minimize operating costs due to its efficiency with the separation and to limit the number 
of chemicals present in the process. The pressure of the absorber was first varied with the aim to 
increase EO recovery. Increasing the operating pressure marginally improved recovery, but 
atmospheric pressure was ultimately chosen to avoid the unreasonable cost of compressing large 
volumes of gases. The reactivity of ethylene oxide also increases in acidic conditions. The presence 
of the carbon dioxide will cause acidic conditions in the absorber, so a buffer will be added to the 
feed absorbent to regulate the pH. The specifications and cost of the buffer are beyond the scope 
of this process design.   
The absorber contains 9 theoretical stages and is modeled in Aspen as a RadFrac without 
a condenser or reboiler. The absorbent flow rate, absorbent temperature, and number of stages 
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were varied to maximize EO recovery in Stream 16 and CO2 recovery in Stream 17. The 
parameters that most affected the separation were the flowrate and temperature of the absorbent 
water. There are very large volumes of gas present in the absorber because of the volume of carbon 
dioxide needed to dilute oxygen to 5 v/v% in Reaction 1. As a result, the flow rate of chilled water 
required was 172,800 lb/hr at a temperature of 41°F (5°C) to optimize the ethylene oxide recovery. 
Although the flowrate of necessary chilled water is large, 95.5% of this water is recovered by 
azeotropic distillation (D-302) and the subsequent molecular sieve (D-305) and recycled back to 
the absorber in Stream 57. The recycle allows for a much smaller makeup feed of 172,800 lb/hr.  
The liquid stream leaving the absorber (Stream 16) needs to be pumped to 57.3 psig to 
account for pressure drops and enhance the separation in the following distillation column (D-
211). However, due to its large flow rate of 3.94 MM lb/hr, the stream was split thrice and pumped 
in parallel to reduce the capital and operating costs of the large singular pump that would have 
been otherwise required.  
The following distillation column (D-211) separates the ethanol and water (Stream 27) 
from the condensed ethylene oxide (Stream 28) and remaining carbon dioxide and oxygen vapor 
(Stream 29). The number of stages, feed stage, distillate flow rate, reflux ratio, column pressure, 
condenser temperature, and feed temperature were varied to optimize the recovery of EO in the 
liquid distillate (Stream 28). To separate EO from the remaining carbon dioxide in the distillate, a 
partial condenser was implemented. A key limitation with this optimization is that trace amounts 
of water are present in the distillate, so a condenser temperature of 41°F was chosen to cool the 
distillate as much as possible without freezing the water and damaging the equipment. 
The initial diameter of D-211 was too large to be considered feasible, which can be 
attributed to the large volume of vapor in the feed. Heater E-210 was added to preheat the feed, 
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thus facilitating the separation of the light and heavy keys and reducing the amount of additional 
vapor produced by the reboiler. The optimal temperature to reduce the heat duty of the column and 
push more carbon dioxide into the distillate was concluded to be 208.4°F. The liquid portion of 
the distillate contains 94.0 wt% ethylene oxide and continues to Reaction 2 to be converted to 
Green Glycol, whereas the carbon dioxide exits with the vapor stream.  
The main objective of Area 200 was to recover as much ethylene oxide as possible because 
it is a high-value reactant for Reaction 2. The absorber A-205 and distillation column D-211 were 
optimized within the limitations of the minimum temperature of chilled water (41°F) and high 
volume of gas present to recover 92.8% of the ethylene oxide produced in Reaction 1.  
 
Section 11.5: Water-Ethanol Azeotrope Separation - Area 300 
 Area 300 takes the ethanol and water mixture from the EO distillation column (D-211) to 
be cooled before being fed to the azeotropic distillation column (D-302) and molecular sieves 
system. The ethanol and water are then separated for recycle: vaporized ethanol as a reactant to R-
105 and chilled process water as the absorbent for A-205. 
Column D-302 separates the feed into a bottoms stream that is 99.9 wt% water, and a 
distillate stream that is a mixture of ethanol, methanol, acetaldehyde, and water. The ideal function 
of column D-302 is to separate the ethanol-water mixture to the azeotropic composition (190 proof 
ethanol).21 Although the ratio of water to ethanol in the distillate is indeed at the point of the 
azeotrope, the presence of methanol and acetaldehyde affects the composition of the resulting 
ethanol-rich stream and hinders the overall separation. Column D-302 was optimized for maximal 
ethanol recovery. The feed to the column contains a large amount of water (3.75 MM lb/hr) versus 
a relatively small amount of ethanol (15,100 lb/hr). Due to this extreme ratio, a reboiler duty of 
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25.7 MM BTU/hr was necessary to achieve acceptable ethanol recovery and purity in the distillate. 
The resulting reflux ratio of such an extreme separation was 46. Dividing the separation into two 
columns yielded poor recovery of ethanol. Despite the large scale of the column, an economic 
analysis of ethanol recovery, detailed in Section 17.1.1, showed that including an ethanol recycle 
in the process indeed improves profitability. The resulting D-302 column is very large and will be 
built on site for a 1.5x purchase cost increase. 
The ethanol/water mixture is fed to a molecular sieve system after exiting D-302. The 
system consists of two bottles and one spare. The feed flows through a column packed with zeolite 
beads to which the water adsorbs. After a seven minute cycle, a valve controller system switches 
the feed to the second column, while dry vapor (out of scope) is simultaneously fed to the first 
column to regenerate the beads and desorb water molecules. The modeling of the utilities and 
control system were also beyond the scope of the process design. The result is a dry ethanol stream, 
containing acetaldehyde and methanol (for recycle to R-105), and a pure water stream (for recycle 
to A-205). The molecular sieve double-bottle system operates at 300°F and 61 psig, and will be 
purchased as a unit with spares from ICM.22 
 
Section 11.6: Recycle Streams 
As discussed in Section 11.3, carbon dioxide is a byproduct of Reaction 1 and was therefore 
chosen as the diluent for the reactant oxygen to simplify the number of chemicals present in the 
process. Unconverted oxygen is recycled because although the reactants of Reaction 1 are fed in a 
1:1 molar ratio, the reaction mechanism only requires 0.5 moles of oxygen to be consumed for 
every 1 mole of EO produced and 1 mole of ethanol consumed. Stream 9 contains 28900 lb/hr of 
oxygen exiting the reactor, which is recycled and thus allows for a smaller make-up feed and lower 
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cost of oxygen to the process. The gas recycle system consists of the vapor outlet from A-205 
(Stream 17) and the vapor distillate from D-211 (Stream 29). The selectivity of carbon dioxide in 
the first reaction is 3%,3 producing 3,580 lb/hr CO2 in R-105. The gas purge stream (Stream 32) 
was set to remove this amount of CO2 from the system to prevent accumulation, which was 
calculated to be 0.2% of the total CO2 present in the gas recycle system. Thus, a gaseous purge 
(Stream 32) of 1% was selected as a safety threshold for other gaseous components that were not 
modeled in Aspen (i.e. Nitrogen and Argon).  The remaining gaseous stream (Stream 31) is 
recycled to R-105. Separating the gaseous recycle into carbon dioxide and oxygen was considered 
but deemed unnecessary because all of the reactants for Reaction 1 are mixed together to form 
Stream 8 before entering the reactor (R-105).  
The ethanol recycle and purge streams (Streams 40 and 41, respectively) were set based 
around the production of acetaldehyde in Reaction 1. The yield of acetaldehyde is approximately 
3%, and two-thirds of this byproduct follows ethanol through the separation train. To account for 
the methanol and other contaminants that also follow ethanol through the recycles, the ethanol 
purge (Stream 41) was set to 3% to close the mass balance around the reactor. This amounts to 
losing 0.004% of the ethylene oxide, 0.00005% of the water, and 2.5% of the ethanol that entered 
the first separation train. The remaining ethanol stream is fed as a vapor to R-105, as the molecular 
sieves system already required the vaporization of ethanol in preparation for drying.  
The three purge streams in the first reactor system (Streams 32, 41, and 56) were mixed for 
safety considerations before leaving the process. The water purge (Stream 56) dilutes the total 
purge (Stream 58) beyond the safety threshold of 0.03 wt% ethylene oxide. Makeup streams 
around this loop were calculated by subtracting the recycle stream flow rate from the original total 
feed, accounting for consumption or production of each component in Reaction 1.  
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92.8% of the EO is recovered and fed to Reaction 2 to produce Green Glycol, but the 
remaining 7.2% is either purged or recycled. For future analyses of the plant, the realistic function 
of the catalyst would need to be examined with ethylene oxide being fed to the reaction via a 
recycle because the Leiden University research did not test under these conditions.  
Additionally, if the reactor (R-105) were at a higher pressure, the absorber could be 
operated at a higher pressure to increase recovery of ethylene oxide. This would need to be tested 
in future development, as the research from Leiden University only confirms the validity of 
Reaction 1 at atmospheric pressure. A change in partial pressures could shift the equilibrium of 
the reaction and would need to be tested before being implemented into this plant. 
Reaction 2 requires water to be fed at a 22:1 molar ratio with ethylene oxide, to encourage 
complete conversion of EO. Unconverted water is separated from products through multi-effect 
evaporation and a distillation column, before being recycled back to R-403/R-404. The water purge 
(Stream 83) was set at 5% to prevent accumulation of any remaining inerts in the final product 
stream.  
 
Section 11.7: Ethylene Glycol Production - Area 400 
The ethylene oxide rich stream from the D-211 is fed to a packed bed reactor at 302°F and 
132.3 psig. The pH in the reactors (R-403/R-404) is assumed to be close to neutral, regulated by a 
buffer that would reduce the acidity of the products of Reaction 2. The specifications and cost of 
the buffer are beyond the scope of this process design. The Sn-10%Nb2O5/a-Al2O3 catalyst in the 
reactor (R-403) converts the ethylene oxide to monoethylene glycol with a high yield (94%). 
Modeling the reactor also included a 5% yield of diethylene glycol and 1% yield of triethylene 
glycol. Industrially, trace amounts of higher order glycols are produced, but this was not modeled 
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for simplicity. Due to the high flow rate and low LHSV of 10 hr-1 from the reaction conditions 
tested in the published research, 53,000 lb of catalyst are needed for the reaction. A molar ratio of 
water to ethylene oxide of 22:1 is fed into the reactor to encourage a high conversion of EO 
(99.7%) and produce sufficient water vapor to suppress EO combustion.  
The product from the first reactor (R-403) is then transferred to an uncatalyzed reactor (R-
404) at 266°F and 132.3 psig to complete the conversion of the hazardous ethylene oxide. The 
reaction is typically uncatalyzed on an industrial scale with a less favorable 88% yield of MEG, 
9.5% yield of DEG, 1.5% yield of TEG, and 1% yield of higher order polyethylene glycols. 
Expanding beyond the initial project bounds and combining the two reactions in series increases 
the yield of MEG from 88% to 94%, while ensuring complete conversion of EO. This method 
ultimately proved to be profitable and justifies the reactors in series, as there was a revenue 
increase of $28 MM per year from additional MEG product.   
 
Section 11.8: Water-Ethylene Glycols Separation: Multi-Effect Separation - Area 500 
 Three multi-effect flash drums operating under vacuum conditions (with decreasing 
pressures of -4.4 psig, -7.3 psig, and -10.3 psig) are each expected to remove approximately equal 
amounts of water so they can be approximately the same size (and therefore, similar costs). 
Optimization of the flash-to-flash pressure drops and heat duty supplied to the first drum involved 
balancing the requirement to remove equal amounts of water (about 120,000 lb/hr) while ensuring 
that a sufficient temperature difference would drive the subsequent transfer of heat through to the 
last drum.  
Each flash is followed by a cooler with 90°F cooling water to condense the vapor stream. 
The stream is then pumped to 155.8 psig so it could recycle and mix into reactors R-403/R-404 
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operated at 132.3 psig. The resulting liquid stream (Stream 69) from the last flash drum (F-503) is 
pumped from vacuum to atmospheric conditions and heated to 208°F before being fed into a 
distillation column (D-512), which removes the remaining water necessary to meet the MEG 
product specifications. The water distillate (Stream 76) is also pumped to 155.8 psig and recycled 
along with the condensed vapor streams from the flash drums, whereas the bottoms ethylene glycol 
stream (Stream 84) is sent for further distillation and product recovery. 
 
Section 11.9: Green Glycol Separation from Polyols and Product Storage - Area 600 
The product MEG is expected to meet fiber-grade quality (99.9 wt% minimum of MEG 
and 0.05 wt% maximum of H2O), but simple distillation of this product trades off recovery with 
purity. An additional consideration is that at 464°F, the ethylene glycols thermally degrade into 
toxic byproducts, such as oxalic and formic acids.23 As the boiling point of DEG is beyond that 
threshold at 473°C, typical separations of the polyol occur under vacuum conditions.24  
 Column D-601 was optimized based on maximizing the recovery of monoethylene glycol 
while ensuring that the strict product quality requirements were not sacrificed. The optimized 
column has a high reflux ratio of 10.5 to prevent the product quality from decreasing beyond the 
99.9 wt% purity. This caused the column to be very large and incur the additional 1.5 multiplier 
to be built on-site; however higher reflux ratios to recover the remaining 3.1% of product would 
have increased both the capital and operating expenses. Higher specified distillate rates would pull 
too much diethylene glycol from the bottoms, thus contaminating the final MEG product. Due to 
these key limitations, column D-601 only allowed for 61,500 lb/hr of MEG to be recovered at 
purity standards, ultimately losing a small portion of the product. 
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The distillate of the column D-601 (Stream 85) exits at 0 psig and 387°F, so pump P-602 
accounts for the pressure drops and heat exchanger E-603 brings the MEG product back to ambient 
conditions to be stored in T-605 and then sold. The bottoms (Stream 86) exits at 4.4 psig and 
458°F, so only the cooler E-604 is required to get the polyethylene glycol slurry to ambient 
conditions to be stored in T-606. See Section 13.5 for the specifications of the two product storage 
tanks.   
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Section 12 
Energy Balances and Utility Requirements 
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Section 12.1: Utilities 
 The utilities required for heating and cooling in the Green Glycol process are high pressure 
steam, medium pressure steam, low pressure steam, process water, cooling water, chilled water. 
The streams that required chilled water (41°F) were split into two heat exchangers to first be cooled 
by standard cooling water (90°F) before using the more expensive chilled water. However, when 
using multiple utilities in series for a given stream, calculations were done to ensure that there was 
still a sufficient LMTD to prevent the capital costs of the heat exchangers from substantially 
increasing.  
The utility required for pressure changes via pumps and compressors is electricity. The 
process water introduced in the system ensures that the ethylene oxide does not come into contact 
with contaminants that would lead to safety concerns. Purge streams will be sent for wastewater 
treatment at an additional cost to remove the organics, such as unconverted ethanol, ethylene oxide, 
and acetaldehyde. Table 12.1 and Table 12.2 show the use of each utility, which units they are fed 
to or streams involved, and the requirement of each utility across the process after the heat 
integration discussed in Section 12.2. The costing for these utilities and the benefits of the heat 
integration is fully explained in Section 17.2.  
Table 12.1. Utility Requirements for Water Streams in the Green Glycol Process 
Utility Description Streams Involved Quantity 
Requirement 
Purified  
Process Water 
Required for 
Separations and as a 
Reagent 
Stream 13 
Stream 60 
25600 gal/hr 
Wastewater 
Treatment 
Removal of organics 
from purges 
Stream 58 
Stream 83 
1500 lb organics 
removed/hr 
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Table 12.2. Utility Requirements for Units in the Green Glycol Process 
Utility Description Total Power  Quantity 
Requirement 
 
High Pressure Steam 
(450 psig) 
Heat up to 414°F 282 MM BTU/hr 394,000 lb/hr 
Medium Pressure 
Steam (150 psig) 
Heat up to 321°F 126 MM BTU/hr 142,000 lb/hr 
Low Pressure Steam 
(50 psig) 
Heat up to 243°F 338 MM BTU/hr 363,000 lb/hr 
Cooling Water Cools down to 90°F -1090 MM BTU/hr  4.39 MM gal/hr 
Chilled Water Cools down to 41°F -69.7 MM BTU/hr 1.16 MM gal/hr 
Electricity Required for Pumps 
and Compressors 
20300 kW 72.3 MM kWh 
 
 
Section 12.2: Heat Exchanger Networks 
 The heating and cooling utilities (high/medium/low pressure stream, cooling water, and 
chilled water) required for the heaters, coolers, reactor duties, and condensers/reboilers of the 
distillation columns were integrated by creating nine individual heat exchanger networks. The heat 
integration was possible due to the wide spectrum of operating temperatures throughout the plant. 
The incorporation of these integrated units decreased the overall energy consumption by 39.6%, 
thus making the design more energy efficient.  
 The heat exchanger networks were modeled by matching the streams of the heating/cooling 
units. The networks are designed so that the hot streams transfer heat to the cold streams within 
each pair, allowing for a 10°F minimum temperature driving force between streams. The remaining 
temperature change that is not accomplished by direct heat transfer between the two streams will 
76
  
be completed by utilities. These models were generated to approximate potential energy savings 
in a fully integrated process, but the full design of the network will be left for future work. Specific 
heat exchangers for crossing process streams following heat integration were not re-designed to 
account for area changes. Rather, this integration was used purely for utility requirements. 
The following units are not included in heat exchanger networks: E-D-211-A, E-D-211-B, 
E-F-501, E-506, E-D-601-R. They were not paired with other heat exchangers either because the 
temperature ranges were not compatible or because that LMTD was sufficiently close that a large 
(and costly) heat exchanger would be required for heat transfer. Additionally, the multi-effect 
evaporation uses heat integration but is not included in the individual heat exchanger networks, as 
described in Section 11.8 and Section 12.3.  
Table 12.3 shows the heating and cooling units that were paired together to create the 
theoretical heat exchanger networks, the required temperature changes, heat duties, utility 
requirements. The pairings of heat exchangers were also based on their proximity to minimize heat 
loss through pipes connecting two units, so only neighboring areas were considered. 
 The heat duties required for cooling below 90°F were divided into heat transfer that could 
be accomplished by cooling water, i.e. the temperature decrease from the starting temperature to 
approximately 100°F, and then any additional temperature decrease would be accomplished by 
chilled water. The transition temperature was set to 100°F rather than 90°F exactly to increase the 
LMTD of the heat exchanger, thus reducing the capital cost associated with the size. The cooling 
water versus chilled water utilities were split up into different heat exchangers, as can be seen in 
Table 14.1 for units E-D-211-A and E-D-211B, as well as E-309-A and E-309-B. 
The areas used to determine the capital costs of the heat exchangers were compared before 
and after integration to ensure that the costs were justified (See Appendix, Section 22.3.6.2). As 
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summarized in Table 12.3, the integration was taken into account for the utilities, and the integrated 
utilities were included in the profitability analysis.  
Table 12.3. Summary of Heat Exchanger Networks 
Heat 
Exchanger 
Network 
Equipment 
Pair 
Inlet 
Temperature 
(°F) 
Outlet 
Temperature 
(°F) 
Unit Heat 
Duty, Q 
(MM 
BTU/hr) 
Net Heat 
Duty, Q 
(MM 
BTU/hr) 
Utility 
Required for 
Net Heat Duty 
1 
E-202-A 488.3 59.0 -173 
-138 Chilled Water 
E-R-105 126.6 392.0 35.0 
2 
E-603 386.8 90.0 -11.7 
15.5 
Low Pressure 
Steam E-102 77.1 212.0 27.2 
3 
E-604 458.4 90.0 -2.46 
13.0 
Medium 
Pressure Steam E-304 161.6 300.0 15.4 
4 
E-301 295.2 220.0 -337 
19.7 
Low Pressure 
Steam E-D-302-R 219.2 225.5 357 
5 
R-404 302.0 266.0 -21.5 
50.4 
Medium 
Pressure Steam R-403 76.4 302.0 71.9 
6 
E-D-512-C 392.0 212.0 -142 
4.45 
High Pressure 
Steam E-511 169.5 392.0 147 
7 
E-D-302-C 219.2 162.8 -335 
303 
Low Pressure 
Steam E-210 49.4 208.4 639 
8 
E-309-B 226.8 41.0 -765 
-355 Chilled Water 
E-D-211-R 208.4 295.2 409 
9 
E-D-601-C 404.6 386.7 -263 
-248 Cooling Water 
E-D-512-R 392.0 404.6 15.3 
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Section 12.3: Multi-Effect Evaporation 
 Typical industrial-scale processes of this size use multi-effect evaporation as an energy-
saving technique to remove water. The reaction to produce ethylene glycol from ethylene oxide 
uses a molar ratio of water to EO of 22:1, which corresponds to 455,900 lb/hr needing to be 
removed to get the final product under 0.05 wt% of water. To reduce the costs required for this 
separation, multi-effect evaporation was incorporated along with a distillation column, as 
discussed in Section 7.2.2.  
 Three multi-effect flash drums (F-501/F-502/F-503) operating under vacuum conditions 
(with decreasing pressures) each remove about 120,000 lb/hr of water. A duty of 63 MM BTU/hr 
is supplied to the first drum, and the subsequent heat transfer follows through to the last drum. 
These results are summarized in Table 12.4. 
 
Table 12.4. Results from the Flash Drums in the Multi-Effect Evaporation Train 
Flash Inlet Temp (°F) Vapor Temp (°F) Heat Extracted 
(MM BTU/hr) 
Water Removed 
(lb/hr) 
F-501 266 192 115 105,055 
F-502 192 181 131 120,328 
F-503 181 170 -- 133,608 
 
  
The heat extracted from the third flash (F-503) could not be used to remove a sufficient 
amount of water to justify an additional flash. The final heat exchanger (E-506) is only required to 
condense the vapor so a pump (P-509) can be used to increase the stream pressure rather than an 
expensive compressor. The recycled water streams must reach 155.8 psig so they may be recycled 
back to reactors R-403/R-404. This large pressure increase would be too energy consuming for 
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partial vapor streams. The resulting liquid stream from the last flash drum (Stream 69) is fed into 
a distillation column, which removes the remaining 96,900 lb/hr of water necessary to meet the 
MEG product specifications.    
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Section 13 
Equipment List and Unit Descriptions 
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Section 13.1 Pumps 
Pumps show a negligible temperature increase in Aspen results due to the thermodynamic 
effects of fluid pressure increases. These temperature differences may not be apparent in Section 
14 due to rounding. However, some pumps contains small vapor fractions, which are accounted 
for in manual pricing calculations but result in a marginal temperature increase, also shown in 
Section 14. 
 
Feed Ethanol Pump: P-101 
Unit ID: P-101 Outlet Temperature: 77°F 
Type: Pump Pressure Change: 13.2 psig 
Material: 304 Stainless Steel  Work: 2 hp 
Specifications Sheet: Section 14, pg. 137 Head: 38 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.1 
 
 P-101 is a centrifugal pump that pumps feed ethanol from the storage tank (T-106) to the 
process. The ethanol will be stored at atmospheric pressure, so the pump will need to increase the 
pressure to 13.2 psig to send it into the process. This pressure will give the ethanol enough drive 
to go through a heater (E-102), and mix with the other feeds before entering the reactor (R-105). 
Ethanol will enter the process at 63,749 lb/hr. The pump head will be about 38 feet and the pump 
will require about 2 hp, based on results from the Aspen simulation. According to standard 
guidelines, it will be VSC orientation with a shaft rpm of 3600 and 1 stage.12 The pump efficiency 
was set to 80%, with a driver efficiency of 95%. P-101 will be made of 304 stainless steel to protect 
against corrosion. The specifications sheet is on page 137. The purchase cost of the pump is $9,400. 
A spare pump will be purchased in case of liquid stream leakage.  
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Absorbent Water Feed Pump: P-203 
Unit ID: P-203 Outlet Temperature: 90°F 
Type: Pump Pressure Change: 4.4 psig 
Material: 304 Stainless Steel  Work: 1 hp 
Specifications Sheet: Section 14, pg. 138 Head: 10 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.1 
 
 P-203 is a centrifugal pump that pumps process water to Stage 1 of absorber A-205. The 
process water enters the process at atmospheric pressure, so the pump will provide enough pressure 
drive for the stream to pass through cooler E-202 before entering absorber A-205 at 0 psig. Process 
water will enter the process at 172,763 lb/hr. The pump head will be about 10 feet and the pump 
will require about 1 hp, based on results from the Aspen simulation. According to standard 
guidelines, it will be VSC orientation with a shaft rpm of 3600 and 1 stage.12 The pump efficiency 
was set to 80%, with a driver efficiency of 95%. P-203 will be made of 304 stainless steel to protect 
against corrosion. The specifications sheet is on page 138. The purchase cost of the pump is $9,400. 
A spare pump will be purchased in case of liquid stream leakage.  
 
D-211 Feed Pumps: P-207, P-208, P-209 
Unit ID: P-207, P-208, P-209 Outlet Temperature: 49°F 
Type: Pump Pressure Change: 57 psig 
Material: 304 Stainless Steel  Work: 85 hp 
Specifications Sheet: Section 14, pg. 139 Head: 131 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.1 
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 Stream 16 is split into 3 equal streams to reduce the strain on a singular pump. P-207, P-
208, and P-209 are centrifugal pumps which act in parallel to pump the feed to D-211, and they 
therefore have equal specifications. Stream 16 exits the absorber (A-205) at 4.4 psig, but column 
D-211 operates at 44 psig. The increase in pressure from P-207, P-208, and P-209 will provide 
enough drive for the three split streams to mix, go through a heat exchanger (E-210), and then 
enter column D-211 at the appropriate pressure. A mixture of 1.31 MM lb/hr will flow through 
each pump. The pump heads will be about 131 feet and each pump will require about 85 hp, based 
on results from the Aspen simulation. According to standard guidelines, they will be VSC 
orientation with 1 stage.12 Due to the large volumetric flow rate in the pumps, 1800 shaft rpm will 
be used. Pump efficiency was set to 80%, with a driver efficiency of 95%. Each pump will be 
made of 304 Stainless Steel to protect against corrosion. The specifications sheet is on page 139. 
The purchase cost of each pump is $44,500, giving a total cost for the three pump system of 
$133,500. A spare pump for each (totalling 3 spare pumps) will be purchased in case of liquid 
stream leakage.  
 
Molecular Sieves Feed Pump: P-303 
Unit ID: P-303 Outlet Temperature: 163°F 
Type: Pump Pressure Change: 65 psig 
Material: 304 Stainless Steel  Work: 2 hp 
Specifications Sheet: Section 14, pg. 140 Head: 198 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.1 
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P-303 is a centrifugal pump that pumps the feed to the molecular sieves system (D-305). 
This pump is not included in the equipment designed and costed using the information from the 
molecular sieve supplier, ICM. Stream 35 exits D-302 at 0 psig, and therefore the pressure must 
be increased to enter the molecular sieve system at 61 psig. The increase in pressure from P-303 
will be sufficient for the stream to pass through a heat exchanger (E-304) before entering D-305. 
The mixture into the pump is 16,204 lb/hr. The pump head will be about 198 feet, and the pump 
will require about 2 hp, based on results from the Aspen simulation. According to standard 
guidelines, it will be VSC orientation with 1 stage.12 Due to the large volumetric flow rate in the 
pump, 1800 shaft rpm will be used.  The pump efficiency was set to 80%, with a driver efficiency 
of 95%. P-303 will be made of 304 Stainless Steel to protect against corrosion.  The specifications 
sheet is on page 140. The purchase cost of the pump is $9,400. A spare pump will be purchased in 
case of liquid stream leakage.  
 
 Absorbent Water Recycle Pumps: P-306, P-307, P-308 
Unit ID: P-306, P-307, P-308 Outlet Temperature: 232°F 
Type: Pump Pressure Change: 26.4 psig 
Material: 304 Stainless Steel  Work: 2 hp 
Specifications Sheet: Section 14, pg. 141 Head: 168 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.1 
 
 Stream 42 is split into 3 equal streams to reduce the strain on a singular pump. P-306, P-
307, and P-308 are centrifugal pumps which act in parallel to pump the water recycle stream back 
to A-205, and they therefore have equal specifications. Stream 42 begins at 0 psig, but needs to be 
increased in pressure to recycle back to R-105. The increase in pressure from P-306, P-307, and 
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P-308 will provide enough drive for the split streams to be cooled and chilled, re-mix, and split off 
a purge stream (Stream 56) before entering A-205 at atmospheric pressure. A marginal temperature 
increase occurs through each pump due to the thermodynamics of having a small vapor fraction in 
the feed. A mixture of 1.29 MM lb/hr will flow through each pump. Each pump head will be about 
168 feet, and each pump will require about 2 hp, based on results from the Aspen simulation. 
According to standard guidelines, they will be VSC orientation with a shaft rpm of 3600 and 1 
stage.12 Each pump efficiency was set to 80%, with a driver efficiency of 95%. Each pump will be 
made of 304 Stainless Steel to protect against corrosion. The specifications sheet is on page 141. 
The purchase cost of each pump is $47,700, giving a total cost for the three pump system if 
$143,100. A spare pump for each (totalling 3 spare pumps) will be purchased in case of liquid 
stream leakage.  
 
Ethylene Oxide Reactant Pump: P-401 
Unit ID: P-401 Outlet Temperature: 42°F 
Type: Pump Pressure Change: 102.9 psig 
Material: 304 Stainless Steel  Work: 10 hp 
Specifications Sheet: Section 14, pg. 142 Head: 262 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.1 
 
P-401 is a centrifugal pump that pumps the ethylene oxide reactant stream to be fed to 
reactor R-403.  Stream 28 exits D-211 at 44 psig, and therefore the pressure must be increased to 
enter R-403, which operates at 132 psig. The increase in pressure from P-401 will be sufficient for 
Stream 59 to mix with the other reactant feeds before entering the reactor system (R-403/R-404). 
The mixture into the pump is 56,021 lb/hr. The pump head will be about 262 feet, and the pump 
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will require about 10 hp, based on results from the Aspen simulation. According to standard 
guidelines, it will be VSC orientation with a shaft rpm of 3600 and 1 stage.12 The pump efficiency 
was set to 80%, with a driver efficiency of 95%. P-401 will be made of 304 Stainless Steel to 
protect against corrosion and to ensure clarity of the final MEG product.  The specifications sheet 
is on page 142. The purchase cost of the pump is $10,100. A spare pump will be purchased in case 
of liquid stream leakage.  
 
Reaction 2 Feed Water Pump: P-402 
Unit ID: P-402 Outlet Temperature: 77°F 
Type: Pump Pressure Change: 147.0 psig 
Material: 304 Stainless Steel  Work: 9 hp 
Specifications Sheet: Section 14, pg. 143 Head: 341 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.1 
 
P-402 is a centrifugal pump that pumps feed water to the reactor R-403.  The process water 
enters at 0 psig, and therefore the pressure must be increased to enter R-403, which operates at 143 
psig. The increase in pressure from P-402 will be sufficient for the feed water to mix with the other 
reactant feeds before entering the reactor system. The mixture into the pump is 41,158 lb/hr. The 
pump head will be about 341 feet, and the pump will require about 9 hp, based on results from the 
Aspen simulation. According to standard guidelines, it will be VSC orientation with a shaft rpm 
of 3600 and 1 stage.12 The pump efficiency was set to 80%, with a driver efficiency of 95%. P-
402 will be made of 304 Stainless Steel to protect against corrosion and to ensure clarity of the 
final MEG product.  The specifications sheet is on page 143. The purchase cost of the pump is 
$21,800. A spare pump will be purchased in case of liquid stream leakage.  
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Multi-Effect 1 Pump: P-507 
Unit ID: P-507 Outlet Temperature: 97°F 
Type: Pump Pressure Change: 161.1 psig 
Material: 304 Stainless Steel  Work: 228 hp 
Specifications Sheet: Section 14, pg.144 Head: 377 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.1 
 
P-507 is a centrifugal pump that pumps water from the first multi-effect evaporation vessel 
(F-501) for recycle to R-403. Stream 66 exits the multi-effect heat exchanger at -5.4 psig, and 
therefore needs a sufficient pressure increase to mix with the other recycle water streams, split off 
a purge stream, and re-mix with other feeds to enter reactor R-403 at 143 psig.  A marginal 
temperature increase occurs through the pump due to the thermodynamics of having a small vapor 
fraction in the feed. The mixture into the pump is 106,708 lb/hr. The pump head will be about 377 
feet, and the pump will require about 228 hp, based on results from the Aspen simulation. 
According to standard guidelines, it will be VSC orientation with a shaft rpm of 3600 and 1 stage.12 
The pump efficiency was set to 80%, with a driver efficiency of 95%. P-507 will be made of 304 
Stainless Steel to protect against corrosion and to ensure clarity of the final MEG product.  The 
specifications sheet is on page 144. The purchase cost of the pump is $12,000. A spare pump will 
be purchased in case of liquid stream leakage.  
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Multi-Effect 2 Pump: P-508 
Unit ID: P-508 Outlet Temperature: 91°F 
Type: Pump Pressure Change: 163.4 psig 
Material: 304 Stainless Steel  Work: 31 hp 
Specifications Sheet: Section 14, pg. 145 Head: 378 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.1 
 
P-508 is a centrifugal pump that pumps water from the second multi-effect evaporation 
vessel (F-502) to be recycled back to R-403. Stream 68 exits the multi-effect heat exchanger at -
7.6 psig, and therefore needs a sufficient pressure increase to mix with the other recycle water 
streams, split off a purge stream, and re-mix with other feeds to enter reactor R-403 at 143 psig.  
The mixture into the pump is 120,914 lb/hr. The pump head will be about 378 feet, and the pump 
will require about 31 hp, based on results from the Aspen simulation. According to standard 
guidelines, it will be VSC orientation with a shaft rpm of 3600 and 1 stage.12 The pump efficiency 
was set to 80%, with a driver efficiency of 95%. P-508 will be made of 304 Stainless Steel to 
protect against corrosion and to ensure clarity of the final MEG product.  The specifications sheet 
is on page 145. The purchase cost of the pump is $12,400. A spare pump will be purchased in case 
of liquid stream leakage.  
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Multi-Effect 3 Pump: P-509 
Unit ID: P-509 Outlet Temperature: 91°F 
Type: Pump Pressure Change: 165.6 psig 
Material: 304 Stainless Steel  Work: 35 hp 
Specifications Sheet: Section 14, pg. 146 Head: 385 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.1 
 
P-509 is a centrifugal pump that pressurizes water from the third multi-effect evaporation 
vessel (F-503) for recycle to R-403. Stream 67 exits the multi-effect heat exchanger at -9.8 psig, 
and therefore requires a sufficient pressure increase to mix with the other recycle water streams, 
split off a purge stream, and re-mix with other feeds to enter reactor R-403 at 143 psig.  The 
mixture into the pump is 134,761 lb/hr. The pump head will be about 385 feet, and the pump will 
require about 35 hp, based on results from the Aspen simulation. According to standard guidelines, 
it will be VSC orientation with a shaft rpm of 3600 and 1 stage.12 The pump efficiency was set to 
80%, with a driver efficiency of 95%. P-509 will be made of 304 Stainless Steel to protect against 
corrosion and to ensure clarity of the final MEG product.  The specifications sheet is on page 146. 
The purchase cost of the pump is $12,900. A spare pump will be purchased in case of liquid stream 
leakage.  
 
 
 
 
 
 
90
  
D-512 Feed Pump: P-510 
Unit ID: P-510 Outlet Temperature: 170°F 
Type: Pump Pressure Change: 18.6 psig 
Material: 304 Stainless Steel  Work: 5 hp 
Specifications Sheet: Section 14, pg. 147 Head: 43 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.1 
 
P-510 is a centrifugal pump that pressurizes the outlet from the multi-effect system to 
distillation column D-512, which completes the water separation. Stream 69 exits F-503 at -9.8 
psig, and therefore requires a sufficient pressure increase to be heated in E-511, then fed to D-512 
at 4.4 psig.  The mixture into the pump is 167,857 lb/hr. The pump head will be about 43 feet, and 
the pump will require about 5 hp, based on results from the Aspen simulation. According to 
standard guidelines, it will be VSC orientation with a shaft rpm of 3600 and 1 stage.12 The pump 
efficiency was set to 80%, with a driver efficiency of 95%. P-510 will be made of 304 Stainless 
Steel to protect against corrosion and to ensure clarity of the final MEG product.  The 
specifications sheet is on page 147. The purchase cost of the pump is $10,300. A spare pump will 
be purchased in case of liquid stream leakage.  
 
Water Recycle Pump to R-403 : P-513 
Unit ID: P-513 Outlet Temperature: 213°F 
Type: Pump Pressure Change: 155.8 psig 
Material: 304 Stainless Steel  Work: 25 hp 
Specifications Sheet: Section 14, pg. 148 Head: 391 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.1 
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P-513 is a centrifugal pump that pressurizes Stream 76, the water distillate from D-512, to 
be recycled back to R-403. Stream 76 exits D-512 at 0 psig, and therefore requires a sufficient 
pressure increase to mix with the other recycle water streams, split off a purge stream, and re-mix 
with other feeds to enter reactor R-403 at 143 psig.  The mixture into the pump is 97,499 lb/hr. 
The pump head will be about 391 feet, and the pump will require about 25 hp, based on results 
from the Aspen simulation. According to standard guidelines, it will be VSC orientation with a 
shaft rpm of 3600 and 1 stage.12 The pump efficiency was set to 80%, with a driver efficiency of 
95%. P-513 will be made of 304 Stainless Steel to protect against corrosion and to ensure clarity 
of the final MEG product.  The specifications sheet is on page 148. The purchase cost of the pump 
is $12,100. A spare pump will be purchased in case of liquid stream leakage.  
 
Monoethylene Glycol Pump: P-602 
Unit ID: P-602 Outlet Temperature: 387°F 
Type: Pump Pressure Change: 4.4 psig 
Material: 304 Stainless Steel  Work: 0.6 hp 
Specifications Sheet: Section 14, pg. 149 Head: 11 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.1 
 
P-602 is a centrifugal pump that pressurizes the monoethylene glycol stream for storage at 
ambient conditions. Stream 85 leaves D-601 at 0 psig, and therefore requires a small pressure 
increase to pass through exchanger E-603, and then exit the process in Stream 88 to be stored at 
atmospheric pressure T-605.  The mixture into the pump is 61,564 lb/hr. The pump head will be 
about 11 feet, and the pump will require about 0.6 hp, based on results from the Aspen simulation. 
According to standard guidelines, it will be VSC orientation with a shaft rpm of 3600 and 1 stage.12 
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The pump efficiency was set to 80%, with a driver efficiency of 95%. P-602 will be made of 304 
Stainless Steel to protect against corrosion and to ensure clarity of the final MEG product.  The 
specifications sheet is on page 149. The purchase cost of the pump is $9,600. A spare pump will 
be purchased in case of liquid stream leakage.  
 
Section 13.2 Compressors 
Feed Oxygen Compressor: C-103 
Unit ID: C-103 Outlet Temperature: 129°F 
Type: Screw Compressor Pressure Change: 4.4 psig 
Material: Carbon Steel Work: 96 hp 
Specifications Sheet: Section 14, pg. 150 Design Calculation: Appendix, Section 22.3.2 
Costing Data: Section 15  
 
 C-103 is a screw compressor used to increase the pressure of feed oxygen into the process. 
Stream 4 enters the system at 0 psig, but sufficient pressure drive is required to allow the feed to 
first mix with the other reactant streams before entering reactor R-105 at 0 psig. The mixture into 
the compressor is 20,370 lb/hr. The compressor has a polytropic efficiency of 80%, with a 
mechanical efficiency of 95%. The compression ratio is 1.3, and therefore this compression can 
be completed in only one stage. Calculations are detailed in Appendix, Section 22.3.2. The 
compressor will require a 96 hp, based on results from the Aspen simulation. C-103 will be made 
of carbon steel, with the assumption that non-aqueous streams have lower risk of corrosion. C-103 
will be costed as a screw compressor because of the low horsepower required. The specification 
sheet is on page 150. The purchase cost of the compressor is $22,800. 
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Feed Carbon Dioxide Compressor: C-104 
Unit ID: C-104 Outlet Temperature: 117°F 
Type: Compressor Pressure Change: 4.4 psig 
Material: Carbon Steel Work: 22 hp 
Specifications Sheet: Section 14, pg. 151 Design Calculation: Appendix, Section 22.3.2 
Costing Data: Section 15  
 
 C-104 is a screw compressor used to increase the pressure of feed carbon dioxide into the 
process. Stream 6 enters the system at 0 psig, but sufficient pressure drive is required to allow the 
feed to first mix with the other reactant streams before entering reactor R-105 at 0 psig. The 
mixture into the compressor is 6,584 lb/hr. The compressor has a polytropic efficiency of 80%, 
with a mechanical efficiency of 95%. The compression ratio is 1.3, and therefore this compression 
can be completed in only one stage. Calculations are detailed in Appendix, Section 22.3.2. The 
compressor will require about 22 hp, based on results from the Aspen simulation. C-104 will be 
made of carbon steel, with the assumption that non-aqueous streams have lower risk of corrosion. 
C-104 will be costed as a screw compressor because of the low horsepower required. The 
specification sheet is on page 151. The purchase cost of the compressor is $39,600. 
 
Absorber Feed Compressor: C-201 
Unit ID: C-201 Outlet Temperature: 488°F 
Type: Compressor Pressure Change: 8.8 psig 
Material: Carbon Steel Work: 15010 hp 
Specifications Sheet: Section 14, pg. 152 Design Calculation: Appendix, Section 22.3.2 
Costing Data: Section 15  
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C-201 is a centrifugal compressor used to pressurize the effluent from R-105. Stream 9 
exits R-105 at 0 psig, but sufficient pressure drive for the stream to pass through exchanger E-202, 
before feeding to absorber A-205 at 4 psig. The mixture into the compressor is 1.47 MM lb/hr.  
The compressor has a polytropic efficiency of 80%, with a mechanical efficiency of 95%. The 
compression ratio is 1.6, and therefore this compression can be completed in only one stage. 
Calculations are detailed in Appendix, Section 22.3.2. The compressor will require about 15,010 
hp, based on results from the Aspen simulation. C-201 will be made of carbon steel, with the 
assumption that non-aqueous streams have lower risk of corrosion. The specification sheet is on 
page 152. The purchase cost of the compressor is $3,665,300. 
 
Gas Recycle Compressor: C-206 
Unit ID: C-206 Outlet Temperature: 140°F 
Type: Compressor Pressure Change: 13.2 psig 
Material: Carbon Steel Work: 11390 hp 
Specifications Sheet: Section 14, pg.153 Design Calculation: Appendix, Section 22.3.2 
Costing Data: Section 15  
 
C-206 is a centrifugal compressor used to pressurize the gas stream outlet of A-205, which 
then recycles to R-105.  Stream 17 exits A-205 at 0 psig, but the compressor must provide 
sufficient driving force for the stream to mix with the other gas recycle stream (Stream 29), split 
off a purge stream, and then mix with the other reactants before recycling to R-105. The mixture 
into the compressor is 1.37 MM lb/hr.  The compressor has a polytropic efficiency of 80%, with a 
mechanical efficiency of 95%. The compression ratio is 1.9, and therefore this compression can 
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be completed in only one stage. Calculations are detailed in Appendix, Section 22.3.2. The 
compressor will require about 11,390 hp, based on results from the Aspen simulation. C-206 will 
be made of carbon steel, with the assumption that non-aqueous streams have lower risk of 
corrosion. The specification sheet is on page 153. The purchase cost of the compressor is 
$3,072,000. 
 
Section 13.3 Reactors 
Ethylene Oxide Reactor: R-105 
Unit ID: R-105 Outlet Temperature: 392°F 
Type: Reactor Pressure: 0 psig 
Material: 304 Stainless Steel Volume: 43 MM ft3 
Heat Duty: 35 MM BTU/hr Diameter: 177 ft 
Specifications Sheet: Section 14, pg. 154 Height: 442 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.3 
 
 R-105 is a packed bed reactor. The desired reaction in R-105 converts ethanol and oxygen 
reactants to ethylene oxide product. Side reactions produce byproduct acetaldehyde and carbon 
dioxide. The reaction occurs in the vapor phase. The reactor is modeled isothermally with 
conditions set to 392°F and 0 psig. The mixture fed to the reactor is 1.47 MM lb/hr, including feed 
makeup streams along with large recycle streams containing unreacted ethanol and oxygen with 
diluent carbon dioxide. Although the reaction is modelled isothermally, a heat duty of 35 MM 
BTU/hr is shown in Aspen to account for the temperature change of the reactants to reach the 
desired operating conditions. The heat duty will be modeled as a shell and tube heat exchanger, 
with a detailed specification sheet on page 184. The research from Leiden University gives a gas 
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hourly space velocity (GHSV) of 2500 hr-1.3 Using the GHSV and volumetric flow rate of the feed 
stream, the mass of the catalyst was found to be 981 lb. The mass of the catalyst added a 4.5% 
safety factor to the reactor volume. This total volume was then doubled for safety considerations, 
yielding the final reactor volume of 43 MM ft3. Assuming an L/D ratio of 2.5 gives a diameter of 
177 ft, and a height of 442 ft. The calculations are detailed in Appendix, Section 22.3.3. The reactor 
will be made of 304 stainless steel to protect against corrosion. The specification sheet is on page 
154. The reactor was costed as a horizontal pressure vessel, with a purchase cost of $1,756,800. 
 
Ethylene Glycol Catalyzed Reactor: R-403 
Unit ID: R-403 Outlet Temperature: 302°F 
Type: Reactor Pressure: 132.3 psig 
Material: 304 Stainless Steel Volume: 20800 ft3 
Heat Duty: 71.9 MM BTU/hr Diameter: 22 ft 
Specifications Sheet: Section 14, pg. 155 Height: 55 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.3 
 
 R-403 is a packed bed reactor. The desired reaction in R-403 converts ethylene oxide and 
water to monoethylene glycol product. Side reactions produce di-, tri-, and higher order glycols. 
The reaction occurs in the liquid phase. The reactor is modeled isothermally with conditions set to 
302°F and 132 psig. The mixture fed to the reactor is 530,240 lb/hr, including a large excess of 
water to encourage complete conversion of ethylene oxide and to suppress combustion. Although 
the reaction is modelled isothermally, a heat duty of 71.9 MM BTU/hr is shown in Aspen to 
account for the temperature change of the reactants to reach the desired operating conditions. The 
Sn-10%Nb2O5/a-Al2O3 catalyst gives a liquid hourly space velocity (LHSV) of 10 hr
-1.11 Using 
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the LHSV and volumetric flow rate of the feed stream, the mass of the catalyst was found to be 
53,000 lb. The mass of the catalyst added a 10% safety factor to the reactor volume. This total 
volume was then doubled for safety considerations, yielding the final reactor volume of 20,800 ft3. 
Assuming an L/D ratio of 2.5 gives a diameter of 22 ft, and a height of 55 ft. The calculations are 
detailed in Appendix, Section 22.3.3. The reactor will be made of 304 stainless steel to protect 
against corrosion and to ensure clarity of the final MEG product. The specification sheet is on page 
155. The reactor was costed as a horizontal pressure vessel, with a purchase cost of $135,100. 
 
Ethylene Glycol Un-Catalyzed Reactor: R-404 
Unit ID: R-404 Outlet Temperature: 266°F 
Type: Reactor Pressure: 132.3 psig 
Material: 304 Stainless Steel Volume: 18900 ft3 
Heat Duty: 71.9 MM BTU/hr Diameter: 18 ft 
Specifications Sheet: Section 14, pg. 156 Height: 46 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.3 
 
 R-404 is modeled as an RStoic vessel due to lack of kinetics data. The desired reaction in 
R-404 converts ethylene oxide and water to monoethylene glycol product. Side reactions produce 
di-, tri-, and higher order glycols. R-404 is designed in series with R-403 to encourage complete 
conversion of ethylene oxide following the catalyzed reaction (which improves MEG yield). The 
reaction occurs in the liquid phase. The reactor is modeled isothermally with conditions set to 
266°F and 132.3 psig. The mixture fed to the reactor is 530,240 lb/hr, including a large excess of 
water to encourage complete conversion of ethylene oxide and to suppress combustion. Although 
the reaction is modelled isothermally, a heat duty of -2.14 MM BTU/hr is shown in Aspen to 
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account for the temperature change of the reactants to reach the desired operating conditions. The 
negative heat duty can be attributed to the decrease in temperature required for the inlet at 302°F 
to react at 266°F. The volumetric flow rate of the feed was used to calculate the volume of the 
reactor. This volume was then doubled for safety considerations, yielding the final reactor volume 
of 18,900 ft3. Assuming an L/D ratio of 2.5 gives a diameter of 18 ft, and a height of 46 ft. The 
calculations are detailed in Appendix, Section 22.3.3. The reactor will be made of 304 stainless 
steel to protect against corrosion and to ensure clarity of the final MEG product. The specification 
sheet is on page 156. The reactor was costed as a horizontal pressure vessel, with a purchase cost 
of $126,300. 
 
Section 13.4 Separation Units 
Ethylene Oxide Absorber: A-205 
Unit ID: A-205 Feed Temperature: 48°F 
Type: Absorber Pressure: 0 psig 
Material: 304 Stainless Steel Diameter: 27 ft 
Specifications Sheet: Section 14, pg. 157 Height: 48 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.4.1 
 
 The function of A-205 is to absorb ethylene oxide into the liquid phase using chilled water, 
while carbon dioxide and oxygen remain in the vapor phase to recycle back to R-105. The cooled 
effluent from R-105 (Stream 12), is fed at 1.47 MM lb/hr. The absorbent is fed as a mix of recycled 
water and makeup process water, totalling 3.84 MM lb/hr absorbent fed to the absorber. The 
utilities for the absorber are only the makeup process water stream, totalling 20,700 gal/hr process 
water. The chilling of the water absorbent is described in the specification sheet for E-204 on page 
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172. Using Aspen modelling and a 50% tray efficiency, the absorber requires 18 trays, with the 
feed gas stream feeding on tray 18, and the water absorbent stream feeding above stage 1. There 
is an assumed pressure drop from stage 1 to stage 18 of 4.4 psig, as there is for all equipment in 
the Green Glycol process. The diameter of the absorber was obtained from Aspen, and the height 
was calculated as detailed in Appendix, Section 22.3.4.1, using a standard 2 ft tray spacing. Due to 
the high volume of carbon dioxide diluent in the feed gas stream and the high volume of water 
required to provide effective ethylene oxide recovery, the diameter of the absorber was very large. 
Four passes were added to the column to reduce the column diameter to 27 ft, with a height of 48 
ft. The absorber is made of 304 Stainless Steel to protect against corrosion. The specification sheet 
is on page 157. Due to the large volume of the absorber, it will be built on site for 1.5x the standard 
cost. The purchase cost of the absorber is $5,466,300. 
 
Ethylene Oxide Distillation Column: D-211 
Unit ID: D-211 Feed Temperature: 208°F 
Type: Distillation Column Pressure: 44.1 psig 
Material: 304 Stainless Steel Diameter: 19 ft 
Specifications Sheet: Section 14, pg. 158 Height: 72 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.4.1 
 
 The function of D-211 is to isolate ethylene oxide for feed to reactor R-403. A feed of 3.94 
MM lb/hr enters the column. Primarily ethylene oxide, carbon dioxide, and oxygen are sent to the 
distillate, while mostly ethanol and water are sent to the bottoms stream. The partial-vapor-liquid 
condenser operates to 41°F, recovering mostly ethylene oxide as condensed liquid (Stream 28), 
which continues to reactor R-403. The vapor stream leaving the condenser (Stream 29) contains 
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mostly carbon dioxide and oxygen, which is recycled back to R-105. The total utilities for D-211 
are cooling water at 115,000 gal/hr and 150 psig steam at 466,000 lb/hr. Using Aspen modelling 
and a 50% tray efficiency, the column requires 30 trays, with the feed entering above stage 16. 
The diameter of the column was obtained from Aspen, and the height was calculated as detailed 
in Appendix, Section 22.3.4.1, using a standard 2 ft tray spacing. Due to the high volume of water 
in the feed stream and considerable carbon dioxide flow, the diameter of the column was very 
large. Four passes were added to the column to reduce the column diameter to 19 ft, with a height 
of 72 ft. The column is made of 304 Stainless Steel to protect against corrosion. Due to the large 
volume of the column, it will be built on site for 1.5x the standard cost. The purchase cost of the 
column is $2,027,900. 
 The partial condenser will operate at 41°F, requiring the use of both cooling water and 
chilled water, modeled as two separate heat exchangers. According to Aspen, the total heat duty 
of the condenser is 28.7 MM BTU/hr. The first heat exchanger will operate using 639,000 lb/hr 
cooling water. The overall heat transfer coefficient is estimated to be 200 BTU/(hr-ft2-°F), obtained 
from standard guidelines.12 Design calculations are detailed in Appendix, Section 22.3.6.1. The 
log-mean-temperature difference is 91°F, giving an area of 1,050 ft2 for the heat exchanger. For 
calculations, it was assumed that the tube velocity was 5 ft/s, the inner tube diameter was 1 inch, 
and the tube length was 20 ft. The number of tubes per pass was found to be 106, and the number 
of passes was found to be 2. The shell diameter is 18 in, and the baffle spacing is 11 in. Both the 
shell and tube will be made of 304 stainless steel to protect against corrosion. The purchase cost 
of the first heat exchanger is $72,900.  
The second heat exchanger will operate using 193,000 lb/hr chilled water. The overall heat 
transfer coefficient is estimated to be 200 BTU/(hr-ft2-°F), obtained from standard guidelines.12 
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Design calculations are detailed in Appendix, Section 22.3.6.1. The log-mean-temperature 
difference is 14°F, giving an area of 3,465 ft2 for the heat exchanger. For calculations, it was 
assumed that the tube velocity was 1 ft/s, the inner tube diameter was 1 inch, and the tube length 
was 20 ft. The number of tubes per pass was found to be 160, and the number of passes was found 
to be 4. The shell diameter is 32 in, and the baffle spacing is 19 in. Both the shell and tube will be 
made of 304 stainless steel to protect against corrosion. The purchase cost of the second heat 
exchanger is $141,300. 
 The reboiler operates at 295°F. The heat duty of 409 MM BTU/hr is obtained from Aspen. 
The latent heat of vaporization and heat duty are used to calculate 383,000 lb/hr of 150 psig steam 
required. The overall heat transfer coefficient is estimated to be 300 BTU/(hr-ft2-°F), obtained 
from standard guidelines.12 Design calculations are detailed in Appendix, Section 22.3.6.1. The 
log-mean-temperature difference is 81°F, giving an area of 16,892 ft2 for the heat exchanger. 
According to heat exchanger standards, if the area exceeds 8,000 ft2, multiple exchangers of equal 
size should be designed in parallel.12 This reboiler would be split in further designs to account for 
the high volume of process feed and required heat transfer. Design calculations were continued for 
estimating capital cost of the equipment, although it is noted that the number of tubes and passes 
may be inaccurate due to the large area. For calculations, it was assumed that the tube velocity was 
4 ft/s, the inner tube diameter was 1 inch, and the tube length was 20 ft. The number of tubes per 
pass was found to be 802, and the number of passes was found to be 4. This number of tubes is too 
high for standard tube layouts, so the maximum standard values are used as estimates. The shell 
diameter is therefore 37 in, and the baffle spacing is 22 in. Both the shell and tube will be made of 
304 stainless steel to protect against corrosion. The purchase cost of the reboiler is $571,100. 
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Ethanol/Water Azeotropic Distillation Column: D-302 
Unit ID: D-302 Feed Temperature: 220°F 
Type: Distillation Column Pressure: 4.4 psig 
Material: 304 Stainless Steel Diameter: 23 ft 
Specifications Sheet: Section 14, pg. 159 Height: 72 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.4.1 
 
 The function of D-302 is to remove water from the ethanol/water mixture in stream 33 to 
reach the ethanol/water azeotrope. A feed of 3.87 MM lb/hr enters the column. Water that is 
99.9wt% pure exits in the bottoms stream. The distillate contains mostly ethanol with some water 
and acetaldehyde remaining, the latter of which affects the total composition of the ethanol/water 
azeotrope. The feed enters at a significantly higher pressure than that of the column. A turbine was 
considered to reduce the pressure of the feed but was ultimately removed due to economic 
infeasibility (see Section 17.2.1). The total utilities for D-302 are cooling water at 1.35 MM gal/hr 
and 50 psig steam at 383,000 lb/hr. Using Aspen modelling and a 50% tray efficiency, the column 
requires 30 trays, with the feed entering above stage 16. The diameter of the column was obtained 
from Aspen, and the height was calculated as detailed in Appendix, Section 22.3.4.1, using a 
standard 2 ft tray spacing. Due to the small amount of ethanol present in the feed relative to the 
flow of water, a very high reboiler duty of 25 MM BTU/hr was required to achieve the desired 
separation. The resulting reflux of vapor caused the column to be very large. Four passes were 
added to the column to reduce the column diameter to 23 ft, with a height of 72 ft. The column is 
made of 304 Stainless Steel to protect against corrosion. The specification sheet is on page 159. 
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Due to the large scale of the column, it will be built on site for 1.5x the standard cost. The purchase 
cost of the column is $2,444,900. 
 The total condenser will operate at 163°F, requiring the use of cooling water. According to 
Aspen, the total heat duty of the condenser is 335 MM BTU/hr. The heat exchanger will operate 
using 11.2 MM lb/hr cooling water. The overall heat transfer coefficient is estimated to be 200 
BTU/(hr-ft2-°F), obtained from standard guidelines.12 Design calculations are detailed in 
Appendix, Section 22.3.6.1. The log-mean-temperature difference is 85°F, giving an area of 19,648 
ft2 for the heat exchanger. According to heat exchanger standards, if the area exceeds 8,000 ft2, 
multiple exchangers of equal size should be designed in parallel.12 This reboiler would be split in 
future designs to account for the high volume of process feed and required heat transfer. Design 
calculations were continued for estimating capital cost of the equipment, although it is noted that 
the number of tubes and passes may be inaccurate due to the large area. For calculations, it was 
assumed that the tube velocity was 5 ft/s, the inner tube diameter was 1 inch, and the tube length 
was 20 ft. The number of tubes per pass was found to be 1855, and the number of passes was found 
to be 2. This number of tubes is too high for standard tube layouts, so the maximum values are 
used as estimates. The shell diameter is 37 in, and the baffle spacing is 22 in. Both the shell and 
tube will be made of 304 stainless steel to protect against corrosion. The purchase cost of the 
condenser is $667,900. 
The reboiler operates at 225°F. The heat duty of 357 MM BTU/hr is obtained from Aspen. 
The latent heat of vaporization and heat duty are used to calculate 383,000 lb/hr of 50 psig steam 
required. The overall heat transfer coefficient is estimated to be 300 BTU/(hr-ft2-°F), obtained 
from standard guidelines.12 Design calculations are detailed in Appendix, Section 22.3.6.1. The 
log-mean-temperature difference is 48°F, giving an area of 24,774 ft2 for the heat exchanger. 
104
  
According to heat exchanger standards, if the area exceeds 8,000 ft2, multiple exchangers of equal 
size should be designed in parallel. This reboiler would be split in further designs to account for 
the high volume of process feed and required heat transfer. Design calculations were continued for 
estimating capital cost of the equipment, although it is noted that the number of tubes and passes 
may be inaccurate due to the large area. For calculations, it was assumed that the tube velocity was 
1 ft/s, the inner tube diameter was 1 inch, and the tube length was 20 ft. The number of tubes per 
pass was found to be 3265, and the number of passes was found to be 1. This number of tubes is 
too high for standard tube layouts, so the maximum values are used as estimates. The shell diameter 
is therefore 37 in, and the baffle spacing is 22 in. Both the shell and tube will be made of 304 
stainless steel to protect against corrosion. The purchase cost of the reboiler is $856,800.  
 
Water Separation Distillation Column: D-512 
Unit ID: D-512 Feed Temperature: 392°F 
Type: Distillation Column Pressure: 4.4 psig 
Material: 304 Stainless Steel Diameter: 5 ft 
Specifications Sheet: Section 14, pg. 160 Height: 56 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.4.1 
 
 The function of D-512 is to remove water from the ethylene glycol mixture stream. A feed 
of 167,857 lb/hr enters the column. Water that is 99.3 wt% pure exits in the distillate stream 
(Stream 76), leaving trace water with the ethylene glycol mixture in the bottoms stream. The total 
utilities for D-512 include cooling water at 569,000 gal/hr and 450 psig steam at 186,000 lb/hr. 
Using Aspen modelling and a 50% tray efficiency, the column requires 22 trays, with the feed 
entering above stage 12. The diameter of the column was obtained from Aspen, and the height was 
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calculated as detailed in Appendix, Section 22.3.4.1, using a standard 2 ft tray spacing. The 
majority of water was removed from the system in the multi-effect evaporation flashes, leading to 
a smaller flow rate to D-512 and a resulting smaller diameter for the column. Only one pass was 
required for the column to achieve a reasonable size, with a diameter of 5 ft, and a height of 72 ft. 
The column is made of 304 Stainless Steel to protect against corrosion and to ensure clarity of 
product ethylene glycol. The specification sheet is on page 160. The purchase cost of the column 
is $148,200. 
The total condenser will operate at 212°F, requiring the use of cooling water. According to 
Aspen, the total heat duty of the condenser is 142 MM BTU/hr. The heat exchanger will operate 
using 4.75 MM lb/hr cooling water. The overall heat transfer coefficient is estimated to be 200 
BTU/(hr-ft2-°F), obtained from standard guidelines.12 Design calculations are detailed in 
Appendix, Section 22.3.6.1. The log-mean-temperature difference is 187°F, giving an area of 3,797 
ft2 for the heat exchanger. For calculations, it was assumed that the tube velocity was 5 ft/s, the 
inner tube diameter was 1 inch, and the tube length was 20 ft. The number of tubes per pass was 
found to be 786, and the number of passes was found to be 1. The shell diameter is 34 in, and the 
baffle spacing is 20 in. Both the shell and tube will be made of 304 stainless steel to protect against 
corrosion and to ensure clarity of product ethylene glycol. The purchase cost of the condenser is 
$159,300. 
The reboiler operates at 405°F. The heat duty of 15.3 MM BTU/hr is obtained from Aspen. 
The latent heat of vaporization and heat duty are used to calculate 19,780 lb/hr of 450 psig steam 
required. The overall heat transfer coefficient is estimated to be 300 BTU/(hr-ft2-°F), obtained 
from standard guidelines.12 Design calculations are detailed in Appendix, Section 22.3.6.1. The 
log-mean-temperature difference is 51°F, giving an area of 1,002 ft2 for the heat exchanger. For 
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calculations, it was assumed that the tube velocity was 1 ft/s, the inner tube diameter was 1 inch, 
and the tube length was 20 ft. The number of tubes per pass was found to be 81, and the number 
of passes was found to be 2. The shell diameter is therefore 18 in, and the baffle spacing is 11 in. 
Both the shell and tube will be made of 304 stainless steel to protect against corrosion and to ensure 
clarity of product ethylene glycol. The purchase cost of the heat exchanger is $72,200.  
 
Monoethylene Glycol Separation Distillation Column: D-601 
Unit ID: D-601 Feed Temperature: 405°F 
Type: Distillation Column Pressure: 0 psig 
Material: 304 Stainless Steel Diameter: 22 ft 
Specifications Sheet: Section 14, pg. 161 Height: 68 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.4.1 
 
 The function of D-601 is to separate product monoethylene glycol from the mixture of 
higher order glycols. A feed of 70,358 lb/hr enters the column. Fiber-grade monoethylene glycol 
exits in the distillate stream, with the remaining higher order glycols exiting in the bottoms stream. 
The total utilities for D-602 include cooling water at 1.05 MM gal/hr and 450 psig steam at 368,000 
lb/hr. Using Aspen modelling and a 50% tray efficiency, the column requires 28 trays, with the 
feed entering above stage 14. The diameter of the column was obtained from Aspen, and the height 
was calculated as detailed in Appendix, Section 22.3.4.1, using a standard 2 ft tray spacing. Due to 
the high required purity of monoethylene glycol product, a high reflux ratio of 10.5 was required 
to achieve the desired separation. This high reflux ratio caused the column to be very large. Four 
passes were added to decrease the diameter of the column, resulting in a column with 22 ft diameter 
and 68 ft height. The column is made of 304 Stainless Steel to protect against corrosion and to 
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ensure clarity of the final MEG product. The specification sheet is on page 161. Due to the large 
volume of the column, it will be built on site for 1.5x the standard cost. The purchase cost of the 
column is $2,227,100. 
The total condenser will operate at 387°F, requiring the use of cooling water. According to 
Aspen, the total heat duty of the condenser is 263 MM BTU/hr. The heat exchanger will operate 
using 8.78 MM lb/hr cooling water. The overall heat transfer coefficient is estimated to be 200 
BTU/(hr-ft2-°F), obtained from standard guidelines.12 Design calculations are detailed in 
Appendix, Section 22.3.6.1. The log-mean-temperature difference is 291°F, giving an area of 4,522 
ft2 for the heat exchanger. For calculations, it was assumed that the tube velocity was 8 ft/s, the 
inner tube diameter was 1 inch, and the tube length was 20 ft. The number of tubes per pass was 
found to be 909, and the number of passes was found to be 1. The shell diameter is 36 in, and the 
baffle spacing is 22 in. Both the shell and tube will be made of 304 stainless steel to protect against 
corrosion and to ensure clarity of the final MEG product. The purchase cost of the condenser is 
$181,200. 
The reboiler operates at 466°F. The heat duty of 262 MM BTU/hr is obtained from Aspen. 
The latent heat of vaporization and heat duty are used to calculate 3.68 MM lb/hr of 450 psig steam 
required. The overall heat transfer coefficient is estimated to be 300 BTU/(hr-ft2-°F), obtained 
from standard guidelines.12 Design calculations are detailed in Appendix, Section 22.3.6.1. The 
log-mean-temperature difference is 68°F, giving an area of 12,756 ft2 for the heat exchanger. 
According to heat exchanger standards, if the area exceeds 8,000 ft2, multiple exchangers of equal 
size should be designed in parallel. This reboiler would be split in further designs to account for 
the high volume of process feed and required heat transfer. Higher pressure steam would also 
increase the log-mean-temperature difference and decrease the area of the exchanger. Both the 
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shell and tube will be made of 304 stainless steel to protect against corrosion and to ensure clarity 
of the final MEG product. The purchase cost of the heat exchanger is $443,500.  
 
Multi-Effect Evaporation Flash Drum 1: F-501 
Unit ID: F-501 Feed Temperature: 226°F 
Type: Flash Drum Pressure: -5.4 psig 
Material: 304 Stainless Steel Diameter: 10 ft 
Specifications Sheet: Section 14, pg. 162 Height: 25 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.4.2 
 
 The function of F-501 is to remove water from the ethylene glycol mixture stream. F-501 
is the first of three flash drums in a multi-effect evaporation series. The vapor stream leaving the 
flash contains mostly water, which is recycled to reactor R-403. The liquid stream continues to the 
next multi-effect evaporation vessel. The mixture entering the flash is at 530,240 lb/hr. The flash 
runs at 226°F and -5 psig. Additional heat duty was added to this drum to ensure a proper driving 
force of heat flow in the rest of the multi-effect evaporation system. The total utilities for F-501 
include 150 psig steam at 69,700 lb/hr. The flash drum was sized as a horizontal pressure vessel 
using the calculations detailed in Appendix, Section 22.3.4.2. A hold up time of 15 minutes was 
assumed to calculate the volume of flow in the drum. The volume of the drum was then doubled 
for safety considerations, giving a total volume of the drum to be 3,779 ft3. An L/D ratio of 2.5 
was assumed, giving a diameter of 10 ft and a height of 25 ft for the drum. The drum is made of 
304 Stainless Steel to protect against corrosion and to ensure clarity of the final MEG product. The 
specification sheet is on page 162. The vacuum conditions of F-501 were accounted for in the 
purchase cost calculation by increasing the wall thickness, as pressure vessels for which the 
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internal pressure is less than the external pressure must be sufficiently rigid to withstand a 
collapsing pressure.12 The purchase cost of the drum is $86,100. 
 
Multi-Effect Evaporation Flash Drum 2: F-502 
Unit ID: F-502 Feed Temperature: 181°F 
Type: Flash Drum Pressure: -7.6 psig 
Material: 304 Stainless Steel Diameter: 7 ft 
Specifications Sheet: Section 14, pg. 163 Height: 18 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.4.2 
 
 The function of F-502 is to remove water from the ethylene glycol mixture stream. F-502 
is the second of three flash drums in a multi-effect evaporation series. The vapor stream leaving 
the flash contains mostly water, which is recycled to reactor R-403. The liquid stream continues 
to the next multi-effect evaporation vessel. The mixture entering the flash is at 423,532 lb/hr. The 
flash runs at 181°F and -7.6 psig. No additional heat duty is added to this drum, as the heat is 
integrated from the heat exchanger E-504, which cools the vapor exit from F-501. The flash drum 
was sized as a horizontal pressure vessel using the calculations detailed in Appendix, Section 
22.3.4.2. A hold up time of 15 minutes was assumed to calculate the volume of flow in the drum. 
The volume of the drum was then doubled for safety considerations, giving a total volume of the 
drum to be 1,352 ft3. An L/D ratio of 2.5 was assumed, giving a diameter of 7 ft and a height of 
18 ft for the drum. The drum is made of 304 Stainless Steel to protect against corrosion and to 
ensure clarity of the final MEG product. The specification sheet is on page 163. The vacuum 
conditions of F-502 were accounted for in the purchase cost calculation by increasing the wall 
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thickness, as pressure vessels for which the internal pressure is less than the external pressure must 
be sufficiently rigid to withstand a collapsing pressure.12 The purchase cost of the drum is $54,700. 
 
Multi-Effect Evaporation Flash Drum 3: F-503 
Unit ID: F-503 Feed Temperature: 170°F 
Type: Flash Drum Pressure: -9.8 psig 
Material: 304 Stainless Steel Diameter: 6 ft 
Specifications Sheet: Section 14, pg. 164 Height: 16 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.4.2 
 
 The function of F-503 is to remove water from the ethylene glycol mixture stream. F-503 
is the third of three flash drums in a multi-effect evaporation series. The vapor stream leaving the 
flash contains mostly water, which is recycled to reactor R-403. The liquid stream continues to 
distillation column D-512, which separates out the remaining water from the glycol mixture. The 
mixture entering the flash is at 302,618 lb/hr. The flash runs at 170°F and -10 psig. No additional 
heat duty is added to this drum, as the heat is integrated from the heat exchanger E-505, which 
cools the vapor exit from F-502. The flash drum was sized as a horizontal pressure vessel using 
the calculations detailed in Appendix, Section 22.3.4.2. A hold up time of 15 minutes was assumed 
to calculate the volume of flow in the drum. The volume of the drum was then doubled for safety 
considerations, giving a total volume of the drum to be 953 ft3. An L/D ratio of 2.5 was assumed, 
giving a diameter of 6 ft and a height of 16 ft for the drum. The drum is made of 304 Stainless 
Steel to protect against corrosion and to ensure clarity of the final MEG product. The specification 
sheet is on page 164. The vacuum conditions of F-503 were accounted for in the purchase cost 
calculation by increasing the wall thickness, as pressure vessels for which the internal pressure is 
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less than the external pressure must be sufficiently rigid to withstand a collapsing pressure.12 The 
purchase cost of the drum is $48,300. 
 
Molecular Sieve System: D-305 
Unit ID: D-305 Feed Temperature: 300°F 
Type: Molecular Sieve Pressure: 60.6 psig 
Material: 304 Stainless Steel Diameter: 6 ft 
Specifications Sheet: Section 14, pg. 165 Height: 18 ft 
Costing Data: Section 15  
 
 The function of D-305 is to separate remaining water from the ethanol/water azeotropic 
mixture, Stream 32. The total mixture is fed at 16,204 lb/hr. The molecular sieve system is a two 
bottle alternating system. The feed flows through the first bottle, with water adsorbing to the zeolite 
beads in the bed. After seven minutes of flow, the feed is switched to the second bottle, also packed 
with beads, and the first column is regenerated. The specifications for this molecular sieve system 
were obtained through conversations over telephone and email with representatives from ICM, an 
engineering equipment vendor and ethanol manufacturer.22 The molecular sieve system was 
modeled as a Sep2 unit in Aspen to simulate the mass distribution of the separation. Utilities 
information was unavailable from the manufacturer, but it was assumed that dry vapor would be 
used for regeneration. Calculating the utilities involved in molecular sieve regeneration is outside 
the scope of the project. For profitability analyses, the operating costs of the molecular sieve pump 
and heater were doubled to approximately account for the pumping of vapor for regeneration. The 
operation of the valves and control systems in the molecular sieve unit was beyond the scope of 
the project. The specification sheet is on page 165.  The molecular sieve unit will be purchased as 
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a unit, including the two bottles, one spare bottle, regenerator, beads, and valves for a total 
$3,000,000 purchase cost.  
 
Section 13.5 Storage Tanks 
Feed Ethanol Storage Tank: T-106 
Unit ID: T-106 Temperature: 77°F 
Type: Storage Tank Pressure: 0 psig 
Material: Carbon Steel Diameter: 46 ft 
Specifications Sheet: Section 14, pg. 166 Height: 115 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.5 
 
 The function of T-106 is to store fuel-grade ethanol before feeding into the system. Ethanol 
will be obtained from a nearby ethanol plant via pipeline. Therefore, only 5 days of storage are 
necessary to minimize deliveries and maintain surplus inventory in case of a shortage. Ethanol 
enters the system at 63,749 lb/hr. It will be stored at 77°F and 0 psig. The tank will have a vent 
system to maintain constant pressure during filling and emptying. Design calculations are detailed 
in Appendix, Section 22.3.5. It was assumed that the tank should have 2x the volume needed as a 
safety factor. Doubling the amount of volume necessary to store 5 days’ worth of ethanol gives a 
total tank volume of 2.86 MM gal. Assuming an L/D ratio of 2.5 gives a diameter of 46 ft and a 
height of 115 ft. The tank should be built on site due to the large volume. The tank will be made 
of carbon steel because ethanol is not corrosive, and is stored at ambient temperatures. The 
specification sheet is on page 166. The purchase cost of the tank is $414,000. 
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Monoethylene Glycol Storage Tank: T-605 
Unit ID: T-605 Temperature: 90°F 
Type: Storage Tank Pressure: 0 psig 
Material: Carbon Steel Diameter: 69 ft 
Specifications Sheet: Section 14, pg. 167 Height: 172 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.5 
 
 The function of T-605 is to store product monoethylene glycol once it exits the process. 
The storage tank has 30 days of capacity, to allow for less frequent shipments of product. 
Monoethylene glycol exits the system at 61,564 lb/hr. It will be stored at 90°F and 0 psig. The tank 
will have a vent system to maintain constant pressure during filling and emptying. Design 
calculations are detailed in Appendix, Section 22.3.5. It was assumed that the tank should have 
twice the volume needed as a safety factor. Doubling the amount of volume necessary to store 30 
days’ worth of monoethylene glycol gives a total tank volume of 9.54 MM gal. Assuming an L/D 
ratio of 2.5 gives a diameter of 69 ft and a height of 172 ft. The tank should be built on site due to 
the large volume. The tank will be made of carbon steel because the pure product is not corrosive, 
and is stored at ambient temperatures. The specification sheet is on page 167. The purchase cost 
of the tank is $768,300. 
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Ethylene Glycol Slurry Storage Tank: T-606 
Unit ID: T-606 Temperature: 90°F 
Type: Storage Tank Pressure: 0 psig 
Material: Carbon Steel Diameter: 36 ft 
Specifications Sheet: Section 14, pg. 168 Height: 90 ft 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.5 
 
 The function of T-606 is to store product ethylene glycol slurry once it exits the process. 
The storage tank has 30 days of capacity, to allow less frequent shipments of product. The slurry 
exits the system at 8,794 lb/hr. It will be stored at 90°F and 0 psig. The tank will have a vent system 
to maintain constant pressure during filling and emptying. Design calculations are detailed in 
Appendix, Section 22.3.5. It was assumed that the tank should have twice the volume needed as a 
safety factor. Doubling the amount of volume necessary to store 30 days’ worth of ethylene glycol 
slurry gives a total tank volume of 1.36 MM gal. Assuming an L/D ratio of 2.5 gives a diameter 
of 36 ft and a height of 90 ft. The tank should be built on site due to the large volume scale. The 
tank will be made of carbon steel because the product is not corrosive, and is stored at ambient 
temperatures. The specification sheet is on page 168. The purchase cost of the tank is $563,700. 
 
Section 13.6 Heat Exchangers 
 A pressure drop of 4.4 psig (0.3atm) was integrated across each heat exchanger. Although 
heat exchangers were modeled as simple heaters using Aspen, the heat duties were converted to 
flows of cooling water and steam. Shell and tube heat exchangers were then designed for each heat 
transfer process. Tube velocities can theoretically range between 1 ft/s and 10 ft/s to obtain feasible 
tube and pass numbers (see Appendix Section 22.3.6.1), but it is noted that some of the heat 
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exchangers in the process required the extreme value of 1 ft/s to achieve a reasonable design. These 
heat exchangers would be re-optimized in future work to allow for more acceptable tube velocities. 
The heat exchangers detailed here are used in capital costing. However, some utilities requirements 
from these heat exchangers have been eliminated by heat integration in networks, detailed in 
Section 12.2. Specific heat exchangers for crossing process streams following heat integration 
were not re-designed to account for area changes. Rather, the heat integration was explored purely 
for minimizing the utility requirements. Heaters in Aspen were modeled assuming ideal heat 
exchange, wherein process streams could be cooled to the temperature of utility feeds. Utility 
calculations were adjusted for realistic log mean temperature differences, though these results are 
not reflected in stream results. 
 
Feed Ethanol Heat Exchanger: E-102 
Unit ID: E-102 Outlet Temperature: 212°F 
Type: Counter-Current Heat Exchanger Pressure: 8.8 psig 
Material: 304 Stainless Steel Area: 931 ft2 
Specifications Sheet: Section 14, pg. 169 Heat Duty: 27.2 MM BTU/hr 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.6.1 
 
 E-102 is used to heat feed ethanol, to be fed to R-105 in the vapor phase. The temperature 
is initially 77°F and needs to be heated to 212°F, so low pressure steam of 50 psig will be used. 
The process fluid enters the tube at 59,495 lb/hr. The heat duty of 27.2 MM BTU/hr is obtained 
from Aspen. The latent heat of vaporization and heat duty are used to calculate 28,899 lb/hr steam 
required. The overall heat transfer coefficient is estimated to be 300 BTU/(hr-ft2-°F), obtained 
from standard guidelines.12 Design calculations are detailed in Appendix, Section 22.3.6.1. The 
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log-mean-temperature difference is 97°F, giving an area of 931 ft2 for the heat exchanger. For 
calculations, it was assumed that the tube velocity was 1 ft/s, the inner tube diameter was 1 inch, 
and the tube length was 20 ft. The number of tubes per pass was found to be 49, and the number 
of passes was found to be 4. The shell diameter is 19 in, and the baffle spacing is 11 in. Both the 
shell and tube will be made of 304 stainless steel to protect against corrosion. The specification 
sheet is on page 169. The purchase cost of the heat exchanger is $69,900. 
 
Absorber Feed Heat Exchanger A: E-202A 
Unit ID: E-202A Outlet Temperature: 175°F 
Type: Counter-Current Heat Exchanger Pressure: 6.6 psig 
Material: 304 Stainless Steel Area: 2432 ft2 
Specifications Sheet: Section 14, pg. 170 Heat Duty: 113 MM BTU/hr 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.6.1 
 
 E-202A is used to cool the feed to the absorber, A-205. The temperature is initially 488°F 
as the outlet from R-105. The stream needs to be cooled to 59°F, which would require chilled 
water utility. The heat exchanger is therefore divided into two separate pieces of equipment: E-
202A, which cools the stream using cooling water, and E-202B, which completes the cooling using 
chilled water. Splitting the heat exchangers allows less chilled water to be used, reducing utility 
costs. E-202-A only cools the stream to 175°F, which allows for a reasonable LMTD for E-202-B 
to have effective heat transfer. The process fluid enters the shell side at 1.47 MM lb/hr. The heat 
duty of 113 MM BTU/hr is obtained from Aspen, requiring 3.77 MM lb/hr cooling water. The 
overall heat transfer coefficient is estimated to be 200 BTU/(hr-ft2-°F), obtained from standard 
guidelines.12 Design calculations are detailed in Appendix, Section 22.3.6.1. The log-mean-
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temperature difference is 232°F, giving an area of 2,432 ft2 for the heat exchanger. For 
calculations, it was assumed that the tube velocity was 5 ft/s, the inner tube diameter was 1 inch, 
and the tube length was 20 ft. The number of tubes per pass was found to be 624, and the number 
of passes was found to be 1. The shell diameter is 29 in, and the baffle spacing is 17 in. Both the 
shell and tube will be made of 304 stainless steel to protect against corrosion. The specification 
sheet is on page 170. The purchase cost of the heat exchanger is $117,600. 
 
Absorber Feed Heat Exchanger B: E-202B 
Unit ID: E-202B Outlet Temperature: 59°F 
Type: Counter-Current Heat Exchanger Pressure: 4.4 psig 
Material: 304 Stainless Steel Area: 6967 ft2 
Specifications Sheet: Section 14, pg. 171 Heat Duty: 1.22 MM BTU/hr 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.6.1 
 
 E-202B is used to complete the cooling of the feed to the absorber, A-205. The stream exits 
E-202A at 175°F, E-202B cools the stream to the final temperature of 59°F. The process fluid 
enters the shell side at 1.47 MM lb/hr. The heat duty of 1.22 MM BTU/hr is obtained from Aspen, 
requiring 1.22 MM lb/hr of chilled water. The overall heat transfer coefficient is estimated to be 
200 BTU/(hr-ft2-°F), obtained from standard guidelines.12 Design calculations are detailed in 
Appendix, Section 22.3.6.1. The log-mean-temperature difference is 43°F, giving an area of 6,967 
ft2 for the heat exchanger. For calculations, it was assumed that the tube velocity was 3 ft/s, the 
inner tube diameter was 1 inch, and the tube length was 20 ft. The number of tubes per pass was 
found to be 335, and the number of passes was found to be 4. The shell diameter is 37 in, and the 
baffle spacing is 22 in. Both the shell and tube will be made of 304 stainless steel to protect against 
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corrosion. The specification sheet is on page 171. The purchase cost of the heat exchanger is 
$256,500. 
 
Absorbent Water Feed Heat Exchanger: E-204 
Unit ID: E-202B Outlet Temperature: 51°F 
Type: Counter-Current Heat Exchanger Pressure: 0 psig 
Material: 304 Stainless Steel Area: 17,017 ft2 
Specifications Sheet: Section 14, pg. 172 Heat Duty: 8.46 MM BTU/hr 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.6.1 
 
 E-204 is used to chill feed process water for feed to absorber A-205. The feed water to the 
absorber must be at 41°F to achieve maximal recovery of ethylene oxide in the liquid phase. The 
process fluid (Stream 14) enters the shell side at 90°F with a flow rate of 172,763 lb/hr. The heat 
duty of 8.46 MM BTU/hr is obtained from Aspen, requiring 190,000 lb/hr of chilled water. The 
overall heat transfer coefficient is estimated to be 200 BTU/(hr-ft2-°F), obtained from standard 
guidelines.12 Design calculations are detailed in Appendix, Section 22.3.6.1. The log-mean-
temperature difference is only 8°F, giving a large area of 17,017 ft2 for the heat exchanger. 
According to heat exchanger standards, if the area exceeds 8,000 ft2, multiple exchangers of equal 
size should be designed in parallel. This exchanger would be split in further designs to account for 
the required heat transfer and low LMTD. Design calculations were continued for estimating 
capital cost of the equipment, although it is noted that the number of tubes and passes may be 
inaccurate due to the large area. For calculations, it was assumed that the tube velocity was 1 ft/s, 
the inner tube diameter was 1 inch, and the tube length was 20 ft. The number of tubes per pass 
was found to be 158, and the number of passes was found to be 21. Due to the unreasonable number 
119
  
of passes and total tubes, maximum values of standard tube layouts were used as estimates. The 
shell diameter is 37 in, and the baffle spacing is 22 in. Both the shell and tube will be made of 304 
stainless steel to protect against corrosion. The specification sheet is on page 172. The purchase 
cost of the heat exchanger is $590,700. 
 
D-211 Feed Heat Exchanger: E-210 
Unit ID: E-210 Outlet Temperature: 208°F 
Type: Counter-Current Heat Exchanger Pressure: 48.5 psig 
Material: 304 Stainless Steel Area: 20,230 ft2 
Specifications Sheet: Section 14, pg. 173 Heat Duty: 639 MM BTU/hr 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.6.1 
 
E-210 is used to heat the feed to distillation column D-211. Due to the high volume of 
water in the feed stream, as well as significant carbon dioxide vapor, D-211 was found to have a 
very large diameter. One measure taken to reduce the size of D-211 was to include exchanger E-
210 to preheat the feed. By having the feed enter at a higher temperature, the reboiler produces 
less vapor to achieve the desired separation, which reduces the volume of the column. E-210 heats 
the feed stream from 49°F to 208°F, so low pressure steam at 50 psig will be used. The process 
fluid enters the tube at 3.94 MM lb/hr. The heat duty of 639 MM BTU/hr is obtained from Aspen. 
The latent heat of vaporization and heat duty are used to calculate 6.77 MM lb/hr steam required. 
The overall heat transfer coefficient is estimated to be 300 BTU/(hr-ft2-°F), obtained from standard 
guidelines.12 Design calculations are detailed in Appendix, Section 22.3.6.1. The log-mean-
temperature difference is 105°F, giving an area of 20,230 ft2 for the heat exchanger. According to 
heat exchanger standards, if the area exceeds 8,000 ft2, multiple exchangers of equal size should 
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be designed in parallel. This exchanger would be split in further designs to account for the high 
volume of feed and required heat transfer. Design calculations were continued for estimating 
capital cost of the equipment, although it is noted that the number of tubes and passes may be 
inaccurate due to the large area. For calculations, it was assumed that the tube velocity was 3 ft/s, 
the inner tube diameter was 1 inch, and the tube length was 20 ft. The number of tubes per pass 
was found to be 1088, and the number of passes was found to be 4. This number of tubes is too 
high for standard tube layouts, so the maximum values are used as estimates. The shell diameter 
is therefore 37 in, and the baffle spacing is 22 in. Both the shell and tube will be made of 304 
stainless steel to protect against corrosion. The specification sheet is on page 173. The purchase 
cost of the heat exchanger is $688,800. 
 
D-302 Feed Heat Exchanger: E-301 
Unit ID: E-301 Outlet Temperature: 220°F 
Type: Counter-Current Heat Exchanger Pressure: 44.1 psig 
Material: 304 Stainless Steel Area: 11,140 ft2 
Specifications Sheet: Section 14, pg. 174 Heat Duty: 337 MM BTU/hr 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.6.1 
 
 E-301 is used to cool the feed to distillation column D-302. The temperature is initially 
295°F as the outlet from D-211, and the stream needs to be cooled to 220°F. The process fluid 
enters the shell side at 3.87 MM lb/hr. The heat duty of 337 MM BTU/hr is obtained from Aspen 
requiring 11.3 MM lb/hr cooling water. The overall heat transfer coefficient is estimated to be 200 
BTU/(hr-ft2-°F), obtained from standard guidelines.12 Design calculations are detailed in 
Appendix, Section 22.3.6.1. The log-mean-temperature difference is 151°F, giving an area of 
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11,140 for the heat exchanger. According to heat exchanger standards, if the area exceeds 8,000 
ft2, multiple exchangers of equal size should be designed in parallel. This exchanger would be split 
in further designs to account for the high volume of feed and required heat transfer. Design 
calculations were continued for estimating capital cost of the equipment, although it is noted that 
the number of tubes and passes may be inaccurate due to the large area. For calculations, it was 
assumed that the tube velocity was 5 ft/s, the inner tube diameter was 1 inch, and the tube length 
was 20 ft. The number of tubes per pass was found to be 1867, and the number of passes was found 
to be 1. This number of tubes is too high for standard tube layouts, so the maximum values are 
used as estimates. The shell diameter is 37 in, and the baffle spacing is 22 in. Both the shell and 
tube will be made of 304 stainless steel to protect against corrosion. The specification sheet is on 
page 174. The purchase cost of the heat exchanger is $379,700. 
 
Molecular Sieves Feed Heat Exchanger: E-304 
Unit ID: E-304 Outlet Temperature: 300°F 
Type: Counter-Current Heat Exchanger Pressure: 60.6 psig 
Material: 304 Stainless Steel Area: 261 ft2 
Specifications Sheet: Section 14, pg. 175 Heat Duty: 7.71 MM BTU/hr 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.6.1 
 
E-304 is used to vaporize the feed to the molecular sieves system (D-305). This heater is 
not included in the equipment designed and costed using the information from the molecular sieve 
supplier, ICM. The stream must enter the molecular sieve as a vapor at 300°F, according to the 
operating conditions from ICM.22 Medium pressure steam at 150 psig will be used to achieve this 
temperature change. The process fluid enters the tube at 16,204 lb/hr. The heat duty of 7.71 MM 
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BTU/hr is obtained from Aspen. The latent heat of vaporization and heat duty are used to calculate 
8,809 lb/hr steam required. The overall heat transfer coefficient is estimated to be 300 BTU/(hr-
ft2-°F), obtained from standard guidelines.12 Design calculations are detailed in Appendix, Section 
22.3.6.1. The log-mean-temperature difference is 99°F, giving an area of 261 ft2 for the heat 
exchanger. For calculations, it was assumed that the tube velocity was 1 ft/s, the inner tube 
diameter was 1 inch, and the tube length was 20 ft. The number of tubes per pass was found to be 
13, and the number of passes was found to be 4. The shell diameter is 10 in, and the baffle spacing 
is 6 in. Both the shell and tube will be made of 304 stainless steel to protect against corrosion. The 
specification sheet is on page 175. The purchase cost of the heat exchanger is $45,300. 
 
Water Recycle 1 Heat Exchanger A: E-309A, E-310A, E-311A 
Unit ID: E-309A Outlet Temperature: 120°F 
Type: Counter-Current Heat Exchanger Pressure: 19.8 psig 
Material: 304 Stainless Steel Area: 8,266 ft2 
Specifications Sheet: Section 14, pg. 176 Heat Duty: 153 MM BTU/hr 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.6.1 
 
E-309-A, E-310-A, and E-311-A are used to cool the water recycle to A-205 in three 
parallel streams. Modelling the cooling of the large water recycle as one large heat exchanger 
yielded unreasonably high areas and unfeasible heat exchanger design. The recycle stream is 
therefore split into three parallel streams, to reduce the flow rate and heat duty load on each 
individual heat exchanger. The temperature is initially 233°F in Stream 42. The stream needs to 
be cooled to 43°F, which would require chilled water utility temperatures. The parallel heat 
exchangers are therefore divided into two separate pieces of equipment: i.e. E-309-A, which cools 
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the stream using cooling water, and E-309-B, which completes the cooling using chilled water. 
Splitting the heat exchangers allows less chilled water to be used, reducing utility costs. E-309A 
only cools the stream to 120°F, which allows for a reasonable LMTD for E-309B to have effective 
heat transfer. The process fluid enters the shell side at 1.29 MM lb/hr. The heat duty of 153 MM 
BTU/hr is obtained from Aspen, requiring 5.12 MM lb/hr cooling water. . The overall heat transfer 
coefficient is estimated to be 200 BTU/(hr-ft2-°F), obtained from standard guidelines.12 Design 
calculations are detailed in Appendix, Section 22.3.6.1. The log-mean-temperature difference is 
93°F, giving an area of 8,266 ft2 for the heat exchanger. According to heat exchanger standards, if 
the area exceeds 8,000 ft2, multiple exchangers of equal size should be designed in parallel. E-
309A has already been split into parallel exchangers with an area close to the cut-off point, and 
will therefore not be split further. Design calculations were continued for estimating capital cost 
of the equipment, although it is noted that the number of tubes and passes may be inaccurate due 
to the large area. For calculations, it was assumed that the tube velocity was 4 ft/s, the inner tube 
diameter was 1 inch, and the tube length was 20 ft. The number of tubes per pass was found to be 
1060, and the number of passes was found to be 1. The shell diameter is 37 in, and the baffle 
spacing is 22 in. Both the shell and tube will be made of 304 stainless steel to protect against 
corrosion. The specification sheet is on page 176. The purchase cost of the heat exchanger is 
$891,700. 
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Water Recycle 1 Heat Exchanger B: E-309B, E-310B, E-311B 
Unit ID: E-309B, E-310B, E-311B Outlet Temperature: 51°F 
Type: Counter-Current Heat Exchanger Pressure: 17.6 psig 
Material: 304 Stainless Steel Area: 43,288 ft2 
Specifications Sheet: Section 14, pg. 177 Heat Duty: 102 MM BTU/hr 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.6.1 
 
 E-309-B, E-310-B, and E-311-B are used to complete the cooling of the water recycle to 
the absorber, A-205, in three parallel streams. The stream exits E-309-A at 120°F, and E-309B 
cools the stream to the final temperature of 43°F. The process fluid enters the shell side at 1.29 
MM lb/hr. The heat duty of 102 MM BTU/hr is obtained from Aspen, requiring 2.05 MM lb/hr of 
chilled water. The overall heat transfer coefficient is estimated to be 200 BTU/(hr-ft2-°F), obtained 
from standard guidelines.12 Design calculations are detailed in Appendix, Section 22.3.6.1. The 
log-mean-temperature difference is 19°F, giving an area of 43,288 ft2 for the heat exchanger. 
According to heat exchanger standards, if the area exceeds 8,000 ft2, multiple exchangers of equal 
size should be designed in parallel. This exchanger would be split in further designs to account for 
the high volume of feed and required heat transfer. Design calculations were continued for 
estimating capital cost of the equipment, although it is noted that the number of tubes and passes 
may be inaccurate due to the large area. For calculations, it was assumed that the tube velocity was 
1 ft/s, the inner tube diameter was 1 inch, and the tube length was 20 ft. The number of tubes per 
pass was found to be 1699, and the number of passes was found to be 4. This number of tubes is 
too high for standard tube layouts, so the maximum values are used as estimates. The shell diameter 
is 37 in, and the baffle spacing is 22 in. Both the shell and tube will be made of 304 stainless steel 
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to protect against corrosion. The specification sheet is on page 177. The purchase cost of the heat 
exchanger is $5,020,800. 
 
Multi-Effect Heat Exchanger 1: E-504 
Unit ID: E-504 Outlet Temperature: 100°F 
Type: Counter-Current Heat Exchanger Pressure: -5.4 psig 
Material: 304 Stainless Steel Area: 34,355 ft2 
Specifications Sheet: Section 14, pg. 178 Heat Duty: 114 MM BTU/hr 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.6.1 
 
E-504 is used to cool the vapor outlet from F-501. The vapor is condensed and brought to 
room temperature. The heat duty from E-504 is integrated directly to the duty for F-502 as part of 
a multi-effect evaporation system. The heat exchanger is approximated using cooling water for 
simplicity of capital cost calculations. A true multi-effect system would involve directly 
exchanging the heat from the vapor outlet of F-501 (Stream 66) to the liquid outlet of F-501 
(Stream 65). Utilities cost for E-504 are not included in profitability calculations, as this heat duty 
is directly integrated in the system. The process fluid enters the shell side at 106,708 lb/hr. The 
heat duty of 114 MM BTU/hr is obtained from Aspen, requiring 3.82 MM lb/hr of cooling water. 
The overall heat transfer coefficient is estimated to be 200 BTU/(hr-ft2-°F), obtained from standard 
guidelines.12 Design calculations are detailed in Appendix, Section 22.3.6.1. The log-mean-
temperature difference is 32°F, giving an area of 34,355 ft2 for the heat exchanger. According to 
heat exchanger standards, if the area exceeds 8,000 ft2, multiple exchangers of equal size should 
be designed in parallel. This exchanger would be split in further designs to account for the high 
volume of feed and required heat transfer. Design calculations were continued for estimating 
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capital cost of the equipment, although it is noted that the number of tubes and passes may be 
inaccurate due to the large area. It is particularly noted that this heat exchanger will not actually 
be operating using cooling water, but with crossing process streams. These calculations are simply 
used as estimations of capital cost. For calculations, it was assumed that the tube velocity was 2 
ft/s, the inner tube diameter was 1 inch, and the tube length was 20 ft. The number of tubes per 
pass was found to be 1,583, and the number of passes was found to be 4. This number of tubes is 
too high for standard tube layouts, so the maximum values are used as estimates. The shell diameter 
is 37 in, and the baffle spacing is 22 in. Both the shell and tube will be made of 304 stainless steel 
to protect against corrosion and to ensure clarity of the final MEG product. The specification sheet 
is on page 178. The purchase cost of the heat exchanger is $1,274,600. 
 
Multi-Effect Heat Exchanger 2: E-505 
Unit ID: E-505 Outlet Temperature: 100°F 
Type: Counter-Current Heat Exchanger Pressure: -7.6 psig 
Material: 304 Stainless Steel Area: 44,724 ft2 
Specifications Sheet: Section 14, pg. 179 Heat Duty: 130 MM BTU/hr 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.6.1 
 
E-505 is used to cool the vapor outlet from F-502. The vapor is condensed and brought to 
room temperature. The heat duty from E-505 is integrated directly to the duty for F-503 as part of 
a multi-effect evaporation system. The heat exchanger is approximated using cooling water for 
simplicity of capital cost calculations. A true multi-effect system would involve directly 
exchanging the heat from the vapor outlet of F-502 (Stream 68) to the liquid outlet of F-501 
(Stream 67). Utilities cost for E-505 are not included in profitability calculations, as this heat duty 
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is directly integrated in the system. The process fluid enters the shell side at 120,914 lb/hr. The 
heat duty of 130 MM BTU/hr is obtained from Aspen, requiring 4.36 MM lb/hr of cooling water. 
The overall heat transfer coefficient is estimated to be 200 BTU/(hr-ft2-°F), obtained from standard 
guidelines.12 Design calculations are detailed in Appendix, Section 22.3.6.1. The log-mean-
temperature difference is 28°F, giving an area of 44,724 ft2 for the heat exchanger. According to 
heat exchanger standards, if the area exceeds 8,000 ft2, multiple exchangers of equal size should 
be designed in parallel. This exchanger would be split in further designs to account for the high 
volume of feed and required heat transfer. Design calculations were continued for estimating 
capital cost of the equipment, although it is noted that the number of tubes and passes may be 
inaccurate due to the large area. It is particularly noted that this heat exchanger will not actually 
be operating using cooling water, but with crossing process streams. These calculations are simply 
used as estimations of capital cost. For calculations, it was assumed that the tube velocity was 2 
ft/s, the inner tube diameter was 1 inch, and the tube length was 20 ft. The number of tubes per 
pass was found to be 1,803, and the number of passes was found to be 4. This number of tubes is 
too high for standard tube layouts, so the maximum values are used as estimates. The shell diameter 
is 37 in, and the baffle spacing is 22 in. Both the shell and tube will be made of 304 stainless steel 
to protect against corrosion and to ensure clarity of the final MEG product. The specification sheet 
is on page 179. The purchase cost of the heat exchanger is $1,739,900. 
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Water Recycle 2 Heat Exchanger: E-506 
Unit ID: E-506 Outlet Temperature: 100°F 
Type: Counter-Current Heat Exchanger Pressure: -9.8 psig 
Material: 304 Stainless Steel Area: 9,211 ft2 
Specifications Sheet: Section 14, pg. 180 Heat Duty: 152 MM BTU/hr 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.6.1 
 
 E-506 is used to condense the vapor effluent from F-503, which is then recycled back to 
R-403. The stream exits F-503 at 170°F. The process fluid enters the shell side at 134,761 lb/hr.  
The heat duty of 152 MM BTU/hr is obtained from Aspen, requiring 5.06 MM lb/hr cooling water. 
The overall heat transfer coefficient is estimated to be 200 BTU/(hr-ft2-°F), obtained from standard 
guidelines.12 Design calculations are detailed in Appendix, Section 22.3.6.1. The log-mean-
temperature difference is 55°F, giving an area of 9,211 ft2 for the heat exchanger. According to 
heat exchanger standards, if the area exceeds 8,000 ft2, multiple exchangers of equal size should 
be designed in parallel. This exchanger would be split in further designs to account for the high 
volume of feed and required heat transfer. Design calculations were continued for estimating 
capital cost of the equipment, although it is noted that the number of tubes and passes may be 
inaccurate due to the large area. For calculations, it was assumed that the tube velocity was 5 ft/s, 
the inner tube diameter was 1 inch, and the tube length was 20 ft. The number of tubes per pass 
was found to be 839, and the number of passes was found to be 2. This number of tubes is too high 
for standard tube layouts, so the maximum values are used as estimates. The shell diameter is 37 
in, and the baffle spacing is 22 in. Both the shell and tube will be made of 304 stainless steel to 
protect against corrosion and to ensure clarity of the final MEG product. The specification sheet 
is on page 180. The purchase cost of the heat exchanger is $327,600. 
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D-512 Feed Heat Exchanger: E-511 
Unit ID: E-511 Outlet Temperature: 392°F 
Type: Counter-Current Heat Exchanger Pressure: 4.4 psig 
Material: 304 Stainless Steel Area: 3,913 ft2 
Specifications Sheet: Section 14, pg. 181 Heat Duty: 147 MM BTU/hr 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.6.1 
 
E-511 is used to heat the feed to distillation column D-512. The stream leaves F-503 at 
170°F, and the distillate temperature of D-512 is 405°F. The initial diameter of column D-512 was 
very large. One measure taken to reduce the size of D-512 was to include exchanger E-511 to pre-
heat the feed. By having the feed enter at a higher temperature, the reboiler produces less vapor to 
achieve the desired separation, which reduces the volume of the column. E-511 heats the feed 
stream from 170°F to 390°F, so high pressure steam at 450 psig will be used. The process fluid 
enters the tube at 167,856 lb/hr. The heat duty of 147 MM BTU/hr is obtained from Aspen. The 
latent heat of vaporization and heat duty are used to calculate 1.86 MM lb/hr steam required. The 
overall heat transfer coefficient is estimated to be 300 BTU/(hr-ft2-°F), obtained from standard 
guidelines.12 Design calculations are detailed in Appendix, Section 22.3.6.1. The log-mean-
temperature difference is 125°F, giving an area of 3,913 ft2 for the heat exchanger. For 
calculations, it was assumed that the tube velocity was 1 ft/s, the inner tube diameter was 1 inch, 
and the tube length was 20 ft. The number of tubes per pass was found to be 140, and the number 
of passes was found to be 4. The shell diameter is therefore 34 in, and the baffle spacing is 20 in. 
Both the shell and tube will be made of 304 stainless steel to protect against corrosion and to ensure 
clarity of the final MEG product. The specification sheet is on page 181. The purchase cost of the 
heat exchanger is $162,800. 
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Monoethylene Glycol Product Heat Exchanger: E-603 
Unit ID: E-603 Outlet Temperature: 100°F 
Type: Counter-Current Heat Exchanger Pressure: 0 psig 
Material: 304 Stainless Steel Area: 1,231 ft2 
Specifications Sheet: Section 14, pg. 182 Heat Duty: 11.7 MM BTU/hr 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.6.1 
 
E-603 is used to cool the product monoethylene glycol to ambient conditions to be stored 
in T-605. The stream leaves the distillate of D-601 at 387°F, and must be cooled to 90°F for 
storage. The process fluid enters the shell side at 134,761 lb/hr. The heat duty of 11.7 MM BTU/hr 
is obtained from Aspen, requiring 391,086 lb/hr cooling water. The overall heat transfer coefficient 
is estimated to be 200 BTU/(hr-ft2-°F), obtained from standard guidelines.12 Design calculations 
are detailed in Appendix, Section 22.3.6.1. The log-mean-temperature difference is 78°F, giving 
an area of 1,231 ft2 for the heat exchanger. For calculations, it was assumed that the tube velocity 
was 5 ft/s, the inner tube diameter was 1 inch, and the tube length was 20 ft. The number of tubes 
per pass was found to be 65, and the number of passes was found to be 4. The shell diameter is 22 
in, and the baffle spacing is 13 in. Both the shell and tube will be made of 304 stainless steel to 
protect against corrosion and to ensure clarity of the final MEG product. The specification sheet 
is on page 182. The purchase cost of the heat exchanger is $79,700. 
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Ethylene Glycol Slurry Product Heat Exchanger: E-604 
Unit ID: E-604 Outlet Temperature: 100°F 
Type: Counter-Current Heat Exchanger Pressure: 0 psig 
Material: 304 Stainless Steel Area: 213 ft2 
Specifications Sheet: Section 14, pg. 183 Heat Duty: 2.46 MM BTU/hr 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.6.1 
 
E-604 is used to cool the product ethylene glycol slurry to ambient conditions to be stored 
in T-606. The stream leaves the bottoms of D-601 at 466°F, and must be cooled to 90°F for storage. 
The process fluid enters the shell side at 8,793 lb/hr. The heat duty of 2.46 MM BTU/hr is obtained 
from Aspen, requiring 82,329 lb/hr cooling water. The overall heat transfer coefficient is estimated 
to be 200 BTU/(hr-ft2-°F), obtained from standard guidelines.12 Design calculations are detailed 
in Appendix, Section 22.3.6.1. The log-mean-temperature difference is 93°F, giving an area of 213 
ft2 for the heat exchanger. For calculations, it was assumed that the tube velocity was 4 ft/s, the 
inner tube diameter was 1 inch, and the tube length was 20 ft. The number of tubes per pass was 
found to be 17, and the number of passes was found to be 2. The shell diameter is 9 in, and the 
baffle spacing is 5 in. Both the shell and tube will be made of 304 stainless steel to protect against 
corrosion and to ensure clarity of the final MEG product. The specification sheet is on page 183. 
The purchase cost of the heat exchanger is $44,900. 
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R-105 Heat Exchanger: R-105A 
Unit ID: R-105A Outlet Temperature: 392°F 
Type: Counter-Current Heat Exchanger Pressure: 0 psig 
Material: 304 Stainless Steel Area: 848 ft2 
Specifications Sheet: Section 14, pg. 184 Heat Duty: 35 MM BTU/hr 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.6.1 
 
R-105 uses heat duty, provided by steam, to power the reaction. High pressure steam at 
450 psig will be used to achieve the temperature change from 127°F to 392°F. The process fluid 
enters the tube at 1.47 MM lb/hr. The heat duty of 35 MM BTU/hr is obtained from Aspen. The 
latent heat of vaporization and heat duty are used to calculate 44,313 lb/hr steam required. The 
overall heat transfer coefficient is estimated to be 300 BTU/(hr-ft2-°F), obtained from standard 
guidelines.12 Design calculations are detailed in Appendix, Section 22.3.6.1. The log-mean-
temperature difference is 137°F, giving an area of 848 ft2 for the heat exchanger. For calculations, 
it was assumed that the tube velocity was 5 ft/s, the inner tube diameter was 1 inch, and the tube 
length was 20 ft. The number of tubes per pass was found to be 244, and the number of passes was 
found to be 1. The shell diameter is 19 in, and the baffle spacing is 11 in. Both the shell and tube 
will be made of 304 stainless steel to protect against corrosion. The specification sheet is on page 
184. The purchase cost of the heat exchanger is $65,300. 
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R-403 Heat Exchanger: R-403A 
Unit ID: R-403A Outlet Temperature: 302°F 
Type: Counter-Current Heat Exchanger Pressure: 142.6 psig 
Material: 304 Stainless Steel Area: 1905 ft2 
Specifications Sheet: Section 14, pg. 185 Heat Duty: 71.9 MM BTU/hr 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.6.1 
 
R-403 uses heat duty, provided by steam, to power the reaction. Steam at 150 psig will be 
used to achieve the temperature change from 76°F to 302°F. The process fluid enters the tube at 
530,240 lb/hr. The heat duty of 71.9 MM BTU/hr is obtained from Aspen. The latent heat of 
vaporization and heat duty are used to calculate 82,223 lb/hr steam required. The overall heat 
transfer coefficient is estimated to be 300 BTU/(hr-ft2-°F), obtained from standard guidelines.12 
Design calculations are detailed in Appendix, Section 22.3.6.1. The log-mean-temperature 
difference is 126°F, giving an area of 1,905 ft2 for the heat exchanger. For calculations, it was 
assumed that the tube velocity was 5 ft/s, the inner tube diameter was 1 inch, and the tube length 
was 20 ft. The number of tubes per pass was found to be 88, and the number of passes was found 
to be 4. The shell diameter is 24 in, and the baffle spacing is 14 in. Both the shell and tube will be 
made of 304 stainless steel to protect against corrosion and to ensure clarity of the final MEG 
product. The specification sheet is on page 185. The purchase cost of the heat exchanger is 
$101,100. 
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R-404 Heat Exchanger: R-404A 
Unit ID: R-404A Outlet Temperature: 266°F 
Type: Counter-Current Heat Exchanger Pressure: 132 psig 
Material: 304 Stainless Steel Area: 599 ft2 
Specifications Sheet: Section 14, pg. 186 Heat Duty: 21.5 MM BTU/hr 
Costing Data: Section 15 Design Calculation: Appendix, Section 22.3.6.1 
 
Heat must be removed from R-404 as the reaction occurs. This duty will be modeled as a 
shell-and-tube heat exchanger. The process fluid enters the shell side at 530,240 lb/hr. The heat 
duty of 21.5 MM BTU/hr is obtained from Aspen, requiring 716,556 lb/hr cooling water. The 
overall heat transfer coefficient is estimated to be 200 BTU/(hr-ft2-°F), obtained from standard 
guidelines.12 Design calculations are detailed in Appendix, Section 22.3.6.1. The log-mean-
temperature difference is 179°F, giving an area of 599 ft2 for the heat exchanger. For calculations, 
it was assumed that the tube velocity was 5 ft/s, the inner tube diameter was 1 inch, and the tube 
length was 20 ft. The number of tubes per pass was found to be 119, and the number of passes was 
found to be 1. The shell diameter is 14 in, and the baffle spacing is 8 in. Both the shell and tube 
will be made of 304 stainless steel to protect against corrosion and to ensure clarity of the final 
MEG product. The specification sheet is on page 186. The purchase cost of the heat exchanger is 
$58,500. 
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Feed Ethanol Pump 
Identification: Item Feed Ethanol Pump Date: 23 April 2019 
 Item No. P-101 By: GKF 
 No. required 1  
Function: Pressurize feed ethanol stream to R-105 
Operation: Continuous 
Materials Handled: Feed Discharge   
Temperature (°F) 77 77   
Pressure (psig) 0 13.2   
Vapor Fraction 0 0   
Mass Flow (lb/hr) 59495 59495   
Molar Flow (lbmol/hr) 1322 1322   
Component Mass Flow (lb/hr)     
   Ethanol 58305 58305   
   Oxygen 0 0   
   Carbon Dioxide 0 0   
   Water 803 803   
   Ethylene Oxide 0 0   
   Acetaldehyde 0 0   
   Monoethylene Glycol 0 0   
   Diethylene Glycol 0 0   
   Triethylene Glycol 0 0   
   Methanol 387 387   
Design Data: 
 
Net Work: 2 hp 
Material of Construction: 304 Stainless Steel 
No. Stage: 1 
Shaft rpm: 3600 
Type: Centrifugal Pump 
Orientation: VSC 
Flow rate: 148 gpm 
Head: 38 ft 
 
Utilities: Electricity at 4043 kWh 
Comments and Drawings: See Section 10.2 
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Absorbent Water Feed Pump 
Identification: Item Absorbent Water Feed Pump Date: 23 April 2019 
 Item No. P-205 By: GKF 
 No. required 1  
Function: Pressurize process water feed to A-205 
Operation: Continuous 
Materials Handled: Feed Discharge   
Temperature (°F) 90 90   
Pressure (psig) 0 4.4   
Vapor Fraction 0 0   
Mass Flow (lb/hr) 172763 172763   
Molar Flow (lbmol/hr) 9590 9590   
Component Mass Flow (lb/hr)     
   Ethanol 0 0   
   Oxygen 0 0   
   Carbon Dioxide 0 0   
   Water 172763 172763   
   Ethylene Oxide 0 0   
   Acetaldehyde 0 0   
   Monoethylene Glycol 0 0   
   Diethylene Glycol 0 0   
   Triethylene Glycol 0 0   
   Methanol 387 0   
Design Data: 
 
Net Work: 1 hp 
Material of Construction: 304 Stainless Steel 
No. Stage: 1 
Shaft rpm: 3600 
Type: Centrifugal Pump 
Orientation: VSC 
Flow rate: 350 gpm 
Head: 10 ft 
 
Utilities: Electricity at 3176 kWh 
Comments and Drawings: See Section 10.3 
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D-211 Feed Pumps 
Identification: Item D-211 Feed Pumps Date: 23 April 2019 
 Item No. P-205, P-206, P-207 By: GKF 
 No. required 3  
Function: Pressurize one third of feed entering D-211 
Operation: Continuous 
Materials Handled: Feed Discharge   
Temperature (°F) 49 49   
Pressure (psig) 0 57.3   
Vapor Fraction 0 0   
Mass Flow (lb/hr) 1.31E6 1.31E6   
Molar Flow (lbmol/hr) 72,022 72,022   
Component Mass Flow (lb/hr)     
   Ethanol 113 113   
   Oxygen 0.1 0.1   
   Carbon Dioxide 91 91   
   Water 71,384 71,384   
   Ethylene Oxide 420 420   
   Acetaldehyde 9 9   
   Monoethylene Glycol 0 0   
   Diethylene Glycol 0 0   
   Triethylene Glycol 0 0   
   Methanol 5 5   
Design Data: 
 
Net Work: 115 hp 
Material of Construction: 304 Stainless Steel 
No. Stage: 1 
Shaft rpm: 1800 
Type: Centrifugal Pump 
Orientation: VSC 
Flow rate: 2605 gpm 
Head: 131 ft 
 
Utilities: Electricity at 308,000 kWh 
Comments and Drawings: See Section 10.3 
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Molecular Sieves Feed Pump 
Identification: Item Molecular Sieves Feed Pump Date: 23 April 2019 
 Item No. P-303 By: GKF 
 No. required 1  
Function: Pressurize the feed to the molecular sieve system (D-305) 
Operation: Continuous 
Materials Handled: Feed Discharge   
Temperature (°F) 163 163   
Pressure (psig) 0 65   
Vapor Fraction 0 0   
Mass Flow (lb/hr) 16204 16204   
Molar Flow (lbmol/hr) 413 413   
Component Mass Flow (lb/hr)     
   Ethanol 13309 13309   
   Oxygen 0 0   
   Carbon Dioxide 0 0   
   Water 1712 1712   
   Ethylene Oxide 75 75   
   Acetaldehyde 822 822   
   Monoethylene Glycol 0 0   
   Diethylene Glycol 0 0   
   Triethylene Glycol 0 0   
   Methanol 285 285   
Design Data: 
 
Net Work: 2 hp 
Material of Construction: 304 Stainless Steel 
No. Stage: 1 
Shaft rpm: 3600 
Type: Centrifugal Pump 
Orientation: VSC 
Flow rate: 43 gpm 
Head: 198 ft 
 
Utilities: Electricity at 5700 kWh 
Comments and Drawings: See Section 10.4 
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Absorbent Water Recycle Pumps 
Identification: Item Absorbent Water Rec. Pumps Date: 23 April 2019 
 Item No. P-306, P-307, P-308 By: GKF 
 No. required 3  
Function: Pressurize one third of the absorbent water recycle stream (Stream 42) 
Operation: Continuous 
Materials Handled: Feed Discharge   
Temperature (°F) 194 232   
Pressure (psig) -4.4 22.0   
Vapor Fraction 0.03 0   
Mass Flow (lb/hr) 1.29E6 1.29E6   
Molar Flow (lbmol/hr) 71367 71367   
Component Mass Flow (lb/hr)     
   Ethanol 643 643   
   Oxygen 0 0   
   Carbon Dioxide 0 0   
   Water 1.29E6 1.29E6   
   Ethylene Oxide 0.3 0.3   
   Acetaldehyde 120 120   
   Monoethylene Glycol 0 0   
   Diethylene Glycol 0 0   
   Triethylene Glycol 0 0   
   Methanol 75 75   
Design Data: 
 
Net Work: 2 hp 
Material of Construction: 304 Stainless Steel 
No. Stage: 1 
Shaft rpm: 1800 
Type: Centrifugal Pump 
Orientation: VSC 
Flow rate: 2569 gpm 
Head: 168 ft 
 
Utilities: Electricity at 128,000 kWh 
Comments and Drawings: See Section 10.4 
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Ethylene Oxide Reactant Pump 
Identification: Item EO Reactant Pump Date: 23 April 2019 
 Item No. P-401 By: GKF 
 No. required 1  
Function: Pressurize ethylene oxide to enter R-403 
Operation: Continuous 
Materials Handled: Feed Discharge   
Temperature (°F) 41 42   
Pressure (psig) 44.1 147.0   
Vapor Fraction 0 0   
Mass Flow (lb/hr) 56021 56021   
Molar Flow (lbmol/hr) 1333 1333   
Component Mass Flow (lb/hr)     
   Ethanol 515 515   
   Oxygen 0.01 0.01   
   Carbon Dioxide 921 921   
   Water 1879 1879   
   Ethylene Oxide 52674 52674   
   Acetaldehyde 21 21   
   Monoethylene Glycol 0 0   
   Diethylene Glycol 0 0   
   Triethylene Glycol 0 0   
   Methanol 10 10   
Design Data: 
 
Net Work: 10 hp 
Material of Construction: 304 Stainless Steel 
No. Stage: 1 
Shaft rpm: 3600 
Type: Centrifugal Pump 
Orientation: VSC 
Flow rate: 124 gpm 
Head: 262 ft 
 
Utilities: Electricity at 26200 kWh 
Comments and Drawings: See Section 10.6 
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Reaction 2 Feed Water Pump 
Identification: Item Reaction 2 Feed Water Pump Date: 23 April 2019 
 Item No. P-402 By: GKF 
 No. required 1  
Function: Pressurize feed water to R-403 
Operation: Continuous 
Materials Handled: Feed Discharge   
Temperature (°F) 77 78   
Pressure (psig) 0 147.0   
Vapor Fraction 0 0   
Mass Flow (lb/hr) 41158 41158   
Molar Flow (lbmol/hr) 2285 2285   
Component Mass Flow (lb/hr)     
   Ethanol 0 0   
   Oxygen 0 0   
   Carbon Dioxide 0 0   
   Water 41158 41158   
   Ethylene Oxide 0 0   
   Acetaldehyde 0 0   
   Monoethylene Glycol 0 0   
   Diethylene Glycol 0 0   
   Triethylene Glycol 0 0   
   Methanol 0 0   
Design Data: 
 
Net Work: 9 hp 
Material of Construction: 304 Stainless Steel 
No. Stage: 1 
Shaft rpm: 3600 
Type: Centrifugal Pump 
Orientation: VSC 
Flow rate: 253 gpm 
Head: 341 ft 
 
Utilities: Electricity at 289,000 kWh 
Comments and Drawings: See Section 10.6 
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Multi-Effect 1 Pump 
Identification: Item Multi-Effect 1 Pump Date: 23 April 2019 
 Item No. P-507 By: GKF 
 No. required 1  
Function: Pressurize the effluent from F-501 for recycle to R-403 
Operation: Continuous  
Materials Handled: Feed Discharge   
Temperature (°F) 90 97   
Pressure (psig) -5.4 155.8   
Vapor Fraction 0.004 0   
Mass Flow (lb/hr) 106708 106708   
Molar Flow (lbmol/hr) 5867 5867   
Component Mass Flow (lb/hr)     
   Ethanol 395 395   
   Oxygen 0.01 0.01   
   Carbon Dioxide 921 921   
   Water 105055 105055   
   Ethylene Oxide 0 0   
   Acetaldehyde 19 19   
   Monoethylene Glycol 309 309   
   Diethylene Glycol 3 3   
   Triethylene Glycol 0.3 0.3   
   Methanol 7 7   
Design Data: 
 
Net Work: 228 hp 
Material of Construction: 304 Stainless Steel 
No. Stage: 1 
Shaft rpm: 3600 
Type: Centrifugal Pump 
Orientation: VSC 
Flow rate: 216 gpm 
Head: 377 ft 
 
Utilities: Electricity at 71700 kWh 
Comments and Drawings: See Section 10.7 
 
 
 
144
  
Multi-Effect 2 Pump 
Identification: Item Multi-Effect 2 Pump Date: 23 April 2019 
 Item No. P-508 By: GKF 
 No. required 1  
Function: Pressurize the effluent from F-502 for recycle to R-403 
Operation: Continuous 
Materials Handled: Feed Discharge   
Temperature (°F) 90 91   
Pressure (psig) -7.6 155.8   
Vapor Fraction 0 0   
Mass Flow (lb/hr) 120914 120914   
Molar Flow (lbmol/hr) 6689 6689   
Component Mass Flow (lb/hr)     
   Ethanol 101 101   
   Oxygen 0 0   
   Carbon Dioxide 0.5 0.5   
   Water 120328 120328   
   Ethylene Oxide 0 0   
   Acetaldehyde 2 2   
   Monoethylene Glycol 476 476   
   Diethylene Glycol 4 4   
   Triethylene Glycol 0.3 0.3   
   Methanol 2 2   
Design Data: 
 
Net Work: 31 hp 
Material of Construction: 304 Stainless Steel 
No. Stage: 1 
Shaft rpm: 3600 
Type: Centrifugal Pump 
Orientation: VSC 
Flow rate: 240 gpm 
Head: 378 ft 
 
Utilities: Electricity at 80800 kWh 
Comments and Drawings: See Section 10.7 
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Multi-Effect 3 Pump 
Identification: Item Multi-Effect 3 Pump Date: 23 April 2019 
 Item No. P-509 By: GKF 
 No. required 1  
Function: Pressurize the effluent from F-503 for recycle to R-403 
Operation: Continuous 
Materials Handled: Feed Discharge   
Temperature (°F) 90 91   
Pressure (psig) -9.8 155.8   
Vapor Fraction 0 0   
Mass Flow (lb/hr) 134761 134761   
Molar Flow (lbmol/hr) 7435 7435   
Component Mass Flow (lb/hr)     
   Ethanol 17 17   
   Oxygen 0 0   
   Carbon Dioxide 0 0   
   Water 133608 133608   
   Ethylene Oxide 0 0   
   Acetaldehyde 0.09 0.09   
   Monoethylene Glycol 1126 1126   
   Diethylene Glycol 9 9   
   Triethylene Glycol 0.2 0.2   
   Methanol 0.6 0.6   
Design Data: 
 
Net Work: 35 hp 
Material of Construction: 304 Stainless Steel 
No. Stage: 1 
Shaft rpm: 3600 
Type: Centrifugal Pump 
Orientation: VSC 
Flow rate: 271 gpm 
Head: 385 ft 
 
Utilities: Electricity at 92800 kWh 
Comments and Drawings: See Section 10.7 
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D-512 Feed Pump 
Identification: Item D-512 Feed Pump Date: 23 April 2019 
 Item No. P-510 By: GKF 
 No. required 1  
Function: Pressurize outlet from MEE system to feed to D-512 
Operation: Continuous 
Materials Handled: Feed Discharge   
Temperature (°F) 170 170   
Pressure (psig) -9.8 8.8   
Vapor Fraction 0 0   
Mass Flow (lb/hr) 167857 167857   
Molar Flow (lbmol/hr) 6450 6450   
Component Mass Flow (lb/hr)     
   Ethanol 1 1   
   Oxygen 0 0   
   Carbon Dioxide 0 0   
   Water 96864 96864   
   Ethylene Oxide 0 0   
   Acetaldehyde 0 0   
   Monoethylene Glycol 64118 64118   
   Diethylene Glycol 5071 5071   
   Triethylene Glycol 1803 1803   
   Methanol 0.06 0.06   
Design Data: 
 
Net Work: 5 hp 
Material of Construction: 304 Stainless Steel 
No. Stage: 1 
Shaft rpm: 3600 
Type: Centrifugal Pump 
Orientation: VSC 
Flow rate: 345 gpm 
Head: 43 ft 
 
Utilities: Electricity at 13200 kWh 
Comments and Drawings: See Section 10.7 
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Water Recycle Pump to R-403 
Identification: Item Water Recycle Pump to R-403 Date: 23 April 2019 
 Item No. P-513 By: GKF 
 No. required 1  
Function: Pressurize the distillate from D-512 for recycle to R-403 
Operation: Continuous 
Materials Handled: Feed Discharge   
Temperature (°F) 212 213   
Pressure (psig) 0 155.8   
Vapor Fraction 0 0   
Mass Flow (lb/hr) 97499 97499   
Molar Flow (lbmol/hr) 5387 5387   
Component Mass Flow (lb/hr)     
   Ethanol 1 1   
   Oxygen 0 0   
   Carbon Dioxide 0 0   
   Water 96864 96864   
   Ethylene Oxide 0 0   
   Acetaldehyde 0 0   
   Monoethylene Glycol 632 632   
   Diethylene Glycol 2 2   
   Triethylene Glycol 0 0   
   Methanol 0.06 0.06   
Design Data: 
 
Net Work: 25 hp 
Material of Construction: 304 Stainless Steel 
No. Stage: 1 
Shaft rpm: 3600 
Type: Centrifugal Pump 
Orientation: VSC 
Flow rate: 218 gpm 
Head: 391 ft 
 
Utilities: Electricity at 69900 kWh 
Comments and Drawings: See Section 10.7 
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Monoethylene Glycol Pump 
Identification: Item Monoethylene Glycol Pump Date: 23 April 2019 
 Item No. P-602 By: GKF 
 No. required 1  
Function: Pressurize monoethylene glycol product for storage at ambient conditions 
Operation: Continuous 
Materials Handled: Feed Discharge   
Temperature (°F) 387 387   
Pressure (psig) 0 4.4   
Vapor Fraction 0 0   
Mass Flow (lb/hr) 61564 61564   
Molar Flow (lbmol/hr) 991 991   
Component Mass Flow (lb/hr)     
   Ethanol 0 0   
   Oxygen 0 0   
   Carbon Dioxide 0 0   
   Water 0.3 0.3   
   Ethylene Oxide 0 0   
   Acetaldehyde 0 0   
   Monoethylene Glycol 61504 61504   
   Diethylene Glycol 60 60   
   Triethylene Glycol 0 0   
   Methanol 0 0   
Design Data: 
 
Net Work: 0.6 hp 
Material of Construction: 304 Stainless Steel 
No. Stage: 1 
Shaft rpm: 3600 
Type: Centrifugal Pump 
Orientation: VSC 
Flow rate: 130 gpm 
Head: 11 ft 
 
Utilities: Electricity at 1570 kWh 
Comments and Drawings: See Section 10.8 
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Feed Oxygen Compressor 
Identification: Item Feed Oxygen Compressor Date: 23 April 2019 
 Item No. C-103 By: GKF 
 No. required 1  
Function:  Pressurize oxygen feed to R-105  
Operation: Continuous 
Materials Handled: Feed Discharge   
Temperature (°F) 77 129   
Pressure (psig) 0 4.4   
Vapor Fraction 1 1   
Mass Flow (lb/hr) 20370 20370   
Molar Flow (lbmol/hr) 637 637   
Component Mass Flow (lb/hr)     
   Ethanol 0 0   
   Oxygen 20370 20370   
   Carbon Dioxide 0 0   
   Water 0 0   
   Ethylene Oxide 0 0   
   Acetaldehyde 0 0   
   Monoethylene Glycol 0 0   
   Diethylene Glycol 0 0   
   Triethylene Glycol 0 0   
   Methanol 0 0   
Design Data: 
Type: Screw Compressor 
Net Work: 96 hp 
Material of Construction: Carbon Steel 
No. Stage: 1 
Compression Ratio: 1.3 
 
Utilities: Electricity at 259,000 kWh 
Comments and Drawings: See Section 10.2 
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Feed Carbon Dioxide Compressor 
Identification: Item Feed Carbon Dioxide Comp. Date: 23 April 2019 
 Item No. C-104 By: GKF 
 No. required 1  
Function: Pressurize carbon dioxide feed to R-105  
Operation: Continuous 
Materials Handled: Feed Discharge   
Temperature (°F) 77 117   
Pressure (psig) 0 4.4   
Vapor Fraction 1 1   
Mass Flow (lb/hr) 6584 6584   
Molar Flow (lbmol/hr) 150 150   
Component Mass Flow (lb/hr)     
   Ethanol 0 0   
   Oxygen 0 0   
   Carbon Dioxide 6584 6584   
   Water 0 0   
   Ethylene Oxide 0 0   
   Acetaldehyde 0 0   
   Monoethylene Glycol 0 0   
   Diethylene Glycol 0 0   
   Triethylene Glycol 0 0   
   Methanol 0 0   
Design Data: 
Type: Screw Compressor 
Net Work: 22 hp 
Material of Construction: Carbon Steel 
No. Stage: 1 
Compression Ratio: 1.3 
 
Utilities: Electricity 60200 kWh 
Comments and Drawings: See Section 10.2 
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Absorber Feed Compressor 
Identification: Item Absorber Feed Compressor Date: 23 April 2019 
 Item No. C-201 By: GKF 
 No. required 1  
Function: Pressurize outlet from R-105 to provide driving force for A-205 feed 
Operation: Continuous 
Materials Handled: Feed Discharge   
Temperature (°F) 392 488   
Pressure (psig) 0 8.8   
Vapor Fraction 1 1   
Mass Flow (lb/hr) 1.47E6 1.47E6   
Molar Flow (lbmol/hr) 34586 34586   
Component Mass Flow (lb/hr)     
   Ethanol 15621 15621   
   Oxygen 28948 28948   
   Carbon Dioxide 1.34E6 1.34E6   
   Water 26976 26976   
   Ethylene Oxide 56761 56761   
   Acetaldehyde 1195 1195   
   Monoethylene Glycol 0 0   
   Diethylene Glycol 0 0   
   Triethylene Glycol 0 0   
   Methanol 518 518   
Design Data: 
 
Net Work: 15010 hp 
Material of Construction: Carbon Steel 
No. Stage: 1 
Compression Ratio: 1.6 
 
Utilities: Electricity at 4.03E7 kWh 
Comments and Drawings: See Section 10.3 
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Gas Recycle Compressor 
Identification: Item Gas Recycle Compressor Date: 23 April 2019 
 Item No. C-206 By: GKF 
 No. required 1  
Function: Pressurizes the gas stream from A-205 for recycle 
Operation: Continuous 
Materials Handled: Feed Discharge   
Temperature (°F) 42 140   
Pressure (psig) 0 13.2   
Vapor Fraction 1 1   
Mass Flow (lb/hr) 1.37E6 1.37E6   
Molar Flow (lbmol/hr) 31452 31452   
Component Mass Flow (lb/hr)     
   Ethanol 0 0   
   Oxygen 28941 28941   
   Carbon Dioxide 1.33E6 1.33E6   
   Water 5009 5009   
   Ethylene Oxide 1317 1317   
   Acetaldehyde 0 0   
   Monoethylene Glycol 0 0   
   Diethylene Glycol 0 0   
   Triethylene Glycol 0 0   
   Methanol 0 0   
Design Data: 
 
Net Work: 11390 hp 
Material of Construction: Carbon Steel 
No. Stage: 1 
Compression Ratio: 1.9 
 
Utilities: Electricity at 3.06E7 kWh 
Comments and Drawings: See Section 10.3 
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Ethylene Oxide Reactor 
Identification: Item Ethylene Oxide Reactor Date: 23 April 2019 
 Item No. R-105 By: GKF 
 No. required 1  
Function: Allows reaction to take place to form desired intermediate, ethylene oxide, and 
byproducts, acetaldehyde and carbon dioxide 
Operation: Continuous 
Materials Handled: Feed Effluent   
Temperature (°F) 127 392   
Pressure (psig) 0 0   
Vapor Fraction 1 1   
Mass Flow (lb/hr) 1.47E6 1.47E6   
Molar Flow (lbmol/hr) 33888 34586   
Component Mass Flow (lb/hr)     
   Ethanol 78413 15621   
   Oxygen 53903 28948   
   Carbon Dioxide 1.33E6 1.34E6   
   Water 1076 26976   
   Ethylene Oxide 0 56761   
   Acetaldehyde 0 1195   
   Monoethylene Glycol 0 0   
   Diethylene Glycol 0 0   
   Triethylene Glycol 0 0   
   Methanol 518 518   
Design Data: 
 
Catalyst Type: Au/Li2O/Al2O3 
Mass catalyst: 981 lb 
Material of Construction: 304 Stainless Steel 
Inner Diameter: 177 ft 
Total Height: 442 ft 
Total Reactor Volume: 4.30E7 ft3 
Orientation: Vertical 
GHSV: 2500 h-1 
 
Utilities: Heat duty required 3.50E7 BTU/hr 
Comments and Drawings: See Section 10.2 
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Ethylene Glycol Catalyzed Reactor  
Identification: Item EG Catalyzed Reactor Date: 23 April 2019 
 Item No. R-403 By: GKF 
 No. required 1  
Function: Allows reaction to take place to form desired ethylene glycol product, MEG, along 
with byproduct higher order glycol 
Operation: Continuous 
Materials Handled: Feed Effluent   
Temperature (°F) 76 302   
Pressure (psig) 142.6 132.3   
Vapor Fraction 0 0   
Mass Flow (lb/hr) 530240 530240   
Molar Flow (lbmol/hr) 27656 26464   
Component Mass Flow (lb/hr)     
   Ethanol 515 515   
   Oxygen 0.01 0.01   
   Carbon Dioxide 921 921   
   Water 476099 455912   
   Ethylene Oxide 52674 158   
   Acetaldehyde 21 21   
   Monoethylene Glycol 0 65853   
   Diethylene Glycol 0 5060   
   Triethylene Glycol 0 1790   
   Methanol 10 10   
Design Data: 
 
Catalyst Type: Sn-10%Nb2O5/a-Al2O3 
Mass catalyst: 24,050 lb 
Material of Construction: 304 Stainless Steel 
Inner Diameter: 22 ft 
Total Height: 55 ft 
Total Reactor Volume: 20800 ft3 
Orientation: Vertical 
LHSV: 10 h-1 
 
Utilities: Heat duty required 7.19E7 BTU/hr 
Comments and Drawings: See Section 10.6 
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Ethylene Glycol Uncatalyzed Reactor 
Identification: Item EG Uncatalyzed Reactor Date: 23 April 2019 
 Item No. R-404 By: GKF 
 No. required 1  
Function: Allows further reaction to take place to form desired ethylene glycol product, MEG, 
along with byproduct higher order glycol. Encourages complete conversion of ethylene oxide. 
Operation: Continuous 
Materials Handled: Feed Effluent   
Temperature (°F) 302 266   
Pressure (psig) 132.3 132.3   
Vapor Fraction 0 0   
Mass Flow (lb/hr) 530240 530240   
Molar Flow (lbmol/hr) 26464 26460   
Component Mass Flow (lb/hr)     
   Ethanol 515 515   
   Oxygen 0.01 0.01   
   Carbon Dioxide 921 921   
   Water 455912 455855   
   Ethylene Oxide 158 0   
   Acetaldehyde 21 21   
   Monoethylene Glycol 65853 66028   
   Diethylene Glycol 5060 5087   
   Triethylene Glycol 1790 1804   
   Methanol 10 10   
Design Data: 
 
Catalyst Type: None 
Material of Construction: 304 Stainless Steel 
Inner Diameter: 18 ft 
Total Height: 46 ft 
Total Reactor Volume: 18900 ft3 
Orientation: Vertical 
 
Utilities: Heat released -2.14E7 BTU/hr 
Comments and Drawings: See Section 10.6 
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Ethylene Oxide Absorber 
Identification: Item Ethylene Oxide Absorber Date: 23 April 2019 
 Item No. A-205 By: GKF 
 No. required 1  
Function: Absorb ethylene oxide into liquid phase, separating from gas streams. 
Operation: Continuous 
Materials Handled: Feed Gas Absorbent Liquid Exit Vapor Exit 
Temperature (°F) 59 41 49 42 
Pressure (psig) 4.4 0 4.4 0 
Vapor Fraction 0.97 0 0 1 
Mass Flow (lb/hr) 1.47E6 3.84E6 3.94E6 1.37E6 
Molar Flow (lbmol/hr) 34586 212933 216067 31452 
Component Mass Flow (lb/hr)     
   Ethanol 15621 0 15621 0 
   Oxygen 28948 0 8 28941 
   Carbon Dioxide 1.34E6 0 12032 1.33E6 
   Water 26976 3.84E6 3.84E6 5009 
   Ethylene Oxide 56761 0 55444 1317 
   Acetaldehyde 1195 0 1195 0 
   Monoethylene Glycol 0 0 0 0 
   Diethylene Glycol 0 0 0 0 
   Triethylene Glycol 0 0 0 0 
   Methanol 518 0 518 0 
Design Data: 
 
Number of trays: 18 
Absorbent Feed Stage: 1 
Feed Gas Feed Stage: 16 
Diameter: 27 ft 
Height: 48 ft 
Tray Efficiency: 0.5 
Tray Spacing: 2 ft 
Number of passes: 4 
Material of Construction: 304 Stainless Steel 
 
Utilities: Process Water at 20700 gal/hr 
Comments and Drawings: See Section 10.3 
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Ethylene Oxide Distillation Column 
Identification: Item EO Distillation Column Date: 23 April 2019 
 Item No. D-211 By: GKF 
 No. required 1  
Function: Separate ethylene oxide from process stream. 
Operation: Continuous 
Materials Handled: Feed Bottoms Liquid Dist. Vapor Dist. 
Temperature (°F) 208 295 41 41 
Pressure (psig) 48.5 48.5 44.1 44.1 
Vapor Fraction 0 0 0 1 
Mass Flow (lb/hr) 3.94E6 3.87E6 56021 13822 
Molar Flow (lbmol/hr) 216067 214419 1333 314 
Component Mass Flow (lb/hr)     
   Ethanol 15621 15106 515 0.4 
   Oxygen 8 0 0.01 8 
   Carbon Dioxide 12032 0 921 11111 
   Water 3.86E6 3.86E6 1879 8 
   Ethylene Oxide 55444 75 52674 2694 
   Acetaldehyde 1195 1174 21 0.5 
   Monoethylene Glycol 0 0 0 0 
   Diethylene Glycol 0 0 0 0 
   Triethylene Glycol 0 0 0 0 
   Methanol 518 508 10 0.01 
Design Data: 
Number of trays: 30 
Feed Stage: 16 
Diameter: 19 ft 
Height: 72 ft 
Tray Efficiency: 0.5 
Tray Spacing: 2 ft 
Number of passes: 4 
Reflux Ratio: 0.5 
Condenser: Partial-Vapor-Liquid 
Material of Construction: 304 Stainless Steel 
 
Utilities:  Cooling water at 115,000 gal/hr and 150 psig steam at 466,000 lb/hr 
Comments and Drawings: See Section 10.3 
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Ethanol/Water Azeotropic Distillation Column 
Identification: Item Ethanol/Water Azeo. Column Date: 23 April 2019 
 Item No. D-302 By: GKF 
 No. required 1  
Function: Separate the ethanol/water mixture to the point of the azeotrope 
Operation: Continuous 
Materials Handled: Feed Bottoms Distillate  
Temperature (°F) 220 225 163  
Pressure (psig) 44.1 4.4 0  
Vapor Fraction 0 0 0  
Mass Flow (lb/hr) 3.87E6 3.87E6 16204  
Molar Flow (lbmol/hr) 214419 214006 413  
Component Mass Flow (lb/hr)     
   Ethanol 15106 1796 13309  
   Oxygen 0 0 0  
   Carbon Dioxide 0 0 0  
   Water 3.75E6 3.85E6 1712  
   Ethylene Oxide 75 0 75  
   Acetaldehyde 1174 351 822  
   Monoethylene Glycol 0 0 0  
   Diethylene Glycol 0 0 0  
   Triethylene Glycol 0 0 0  
   Methanol 508 223 285  
Design Data: 
Number of trays: 30 
Feed Stage: 16 
Diameter: 23 ft 
Height: 72 ft 
Tray Efficiency: 0.5 
Tray Spacing: 2 ft 
Number of passes: 4 
Reboiler Duty: 2.5E7 BTU/hr 
Condenser: Total 
Material of Construction: 304 Stainless Steel 
 
Utilities: Cooling Water at 1.35E6 gal/hr and 50 psig steam at 383,000 lb/hr 
Comments and Drawings: See Section 10.4 
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Water Separation Distillation Column 
Identification: Item Water Sep. Dist. Column Date: 23 April 2019 
 Item No. D-512 By: GKF 
 No. required 1  
Function: Separate water from the ethylene glycol mixture (Stream 84) 
Operation: Continuous 
Materials Handled: Feed Bottoms Distillate  
Temperature (°F) 392 405 212  
Pressure (psig) 4.4 4.4 0  
Vapor Fraction 1 0 0  
Mass Flow (lb/hr) 167857 70358 97499  
Molar Flow (lbmol/hr) 6470 1083 5387  
Component Mass Flow (lb/hr)     
   Ethanol 1 0 1  
   Oxygen 0 0 0  
   Carbon Dioxide 0 0 0  
   Water 96864 0.3 96864  
   Ethylene Oxide 0 0 0  
   Acetaldehyde 0 0 0  
   Monoethylene Glycol 64118 63485 632  
   Diethylene Glycol 5071 5069 2  
   Triethylene Glycol 1803 1803 0  
   Methanol 0.06 0 0.06  
Design Data: 
Number of trays: 22 
Feed Stage: 12 
Diameter: 5 ft 
Height: 56 ft 
Tray Efficiency: 0.5 
Tray Spacing: 2 ft 
Number of passes: 1 
Reflux Ratio: 0.5 
Condenser: Total 
Material of Construction: 304 Stainless Steel 
 
Utilities: Cooling Water at 569,000 gal/hr and 450 psig steam at 186,000 lb/hr 
Comments and Drawings: See Section 10.7 
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Monoethylene Glycol Separation Distillation Column 
Identification: Item MEG Sep. Dist. Column Date: 23 April 2019 
 Item No. D-601 By: GKF 
 No. required 1  
Function: Separate product monoethylene from the mixture of higher order glycols 
Operation: Continuous 
Materials Handled: Feed Bottoms Distillate  
Temperature (°F) 405 466 387  
Pressure (psig) 4.4 4.4 0  
Vapor Fraction 0 0 0  
Mass Flow (lb/hr) 70358 8794 61564  
Molar Flow (lbmol/hr) 1083 91 991  
Component Mass Flow (lb/hr)     
   Ethanol 0 0 0  
   Oxygen 0 0 0  
   Carbon Dioxide 0 0 0  
   Water 0.3 0 0.3  
   Ethylene Oxide 0 0 0  
   Acetaldehyde 0 0 0  
   Monoethylene Glycol 63485 1982 61504  
   Diethylene Glycol 5069 5009 60  
   Triethylene Glycol 1803 1803 0  
   Methanol 0 0 0  
Design Data: 
 
Number of trays: 28 
Feed Stage: 14 
Diameter: 22 ft 
Height: 68 ft 
Tray Efficiency: 0.5 
Tray Spacing: 2 ft 
Number of passes: 4 
Reflux Ratio: 10.5 
Condenser: Total 
Material of Construction: 304 Stainless Steel 
Utilities: Cooling Water at 1.05E6 gal/hr and 450 psig steam at 368,000 lb/hr 
Comments and Drawings: See Section 10.8 
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Multi-Effect Evaporation Flash Drum 1 
Identification: Item Multi-Effect Evap. Flash 1 Date: 23 April 2019 
 Item No. F-501 By: GKF 
 No. required 1  
Function: Separate water from the ethylene glycol mixture 
Operation: Continuous 
Materials Handled: Feed Liquid Exit Vapor Exit  
Temperature (°F) 226 192 192  
Pressure (psig) 132.3 -5.4 -5.4  
Vapor Fraction 0 0 1  
Mass Flow (lb/hr) 530240 423532 106708  
Molar Flow (lbmol/hr) 26460 20894 5867  
Component Mass Flow (lb/hr)     
   Ethanol 515 120 395  
   Oxygen 0.01 0 0.01  
   Carbon Dioxide 921 0.5 920  
   Water 455855 350800 105055  
   Ethylene Oxide 0 0 0  
   Acetaldehyde 21 2 19  
   Monoethylene Glycol 66028 65720 309  
   Diethylene Glycol 5087 5084 2  
   Triethylene Glycol 1804 1803 0.3  
   Methanol 10 3 7  
Design Data: 
 
Hold-up Time: 15 min 
Diameter: 10 ft 
Height: 25 ft 
Total Volume: 3779 ft3 
Orientation: Vertical 
Fraction of Drum Full: 50% 
Material of Construction: 304 Stainless Steel 
 
Utilities: 150 psig steam at 69700 lb/hr 
Comments and Drawings: See Section 10.7 
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Multi-Effect Evaporation Flash Drum 2 
Identification: Item Multi-Effect Evap. Flash 2 Date: 23 April 2019 
 Item No. F-502 By: GKF 
 No. required 1  
Function: Separate water from the ethylene glycol mixture 
Operation: Continuous 
Materials Handled: Feed Liquid Exit Vapor Exit  
Temperature (°F) 192 181 181  
Pressure (psig) -5.4 -7.6 -7.6  
Vapor Fraction 0 0 1  
Mass Flow (lb/hr) 423532 302618 120914  
Molar Flow (lbmol/hr) 20594 13905 6689  
Component Mass Flow (lb/hr)     
   Ethanol 120 19 101  
   Oxygen 0 0 0  
   Carbon Dioxide 0.5 0 0.5  
   Water 350800 230472 120328  
   Ethylene Oxide 0 0 0  
   Acetaldehyde 2 0.08 1.92  
   Monoethylene Glycol 65720 65244 476  
   Diethylene Glycol 5084 5080 4  
   Triethylene Glycol 1803 1803 0.3  
   Methanol 3 0.7 2  
Design Data: 
 
Hold-up Time: 15 min 
Diameter: 7 ft 
Height: 18 ft 
Total Volume: 1352 ft3 
Orientation: Vertical 
Fraction of Drum Full: 50% 
Material of Construction: 304 Stainless Steel 
 
Utilities: N/A 
Comments and Drawings: See Section 10.7 
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Multi-Effect Evaporation Flash Drum 3 
Identification: Item Multi-Effect Evap. Flash 3 Date: 23 April 2019 
 Item No. F-503 By: GKF 
 No. required 1  
Function: Separate water from the ethylene glycol mixture 
Operation: Continuous 
Materials Handled: Feed Liquid Exit Vapor Exit  
Temperature (°F) 181 170 170  
Pressure (psig) -7.6 -9.8 -9.8  
Vapor Fraction 0 0 1  
Mass Flow (lb/hr) 302618 167857 134761  
Molar Flow (lbmol/hr) 13905 6450 7435  
Component Mass Flow (lb/hr)     
   Ethanol 19 1 17  
   Oxygen 0 0 0  
   Carbon Dioxide 0 0 0  
   Water 230472 96864 133608  
   Ethylene Oxide 0 0 0  
   Acetaldehyde 0.09 0 0.09  
   Monoethylene Glycol 65244 64118 1126  
   Diethylene Glycol 5080 5071 9  
   Triethylene Glycol 1803 1803 0.2  
   Methanol 0.66 0.06 0.6  
Design Data: 
 
Hold-up Time: 15 min 
Diameter: 6 ft 
Height: 16 ft 
Total Volume: 953 ft3 
Orientation: Vertical 
Fraction of Drum Full: 50% 
Material of Construction: 304 Stainless Steel 
 
Utilities: N/A 
Comments and Drawings: See Section 10.7 
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Molecular Sieve System 
Identification: Item Molecular Sieve System Date: 23 April 2019 
 Item No. D-305 By: GKF 
 No. required 1  
Function: Separate remaining water from the ethanol/water mixture 
Operation: Continuous 
Materials Handled: Feed Water Bottoms Dry Ethanol  
Temperature (°F) 300 300 300  
Pressure (psig) 60.6 60.6 60.6  
Vapor Fraction 1 1 1  
Mass Flow (lb/hr) 16204 1819 14385  
Molar Flow (lbmol/hr) 413 96 317  
Component Mass Flow (lb/hr)     
   Ethanol 13309 133 13176  
   Oxygen 0 0 0  
   Carbon Dioxide 0 0 0  
   Water 1717 1674 38  
   Ethylene Oxide 75 0.8 75  
   Acetaldehyde 822 8 814  
   Monoethylene Glycol 0 0 0  
   Diethylene Glycol 0 0 0  
   Triethylene Glycol 0 0 0  
   Methanol 286 3 282  
Design Data: 
 
System Type: 20s Size 
Diameter: 6 ft 
Height: 18 ft 
Regeneration time: 7 min 
Bead Material: Zeolite 
 
 
 
 
Utilities: Outside Scope 
Comments and Drawings: See Section 10.4 
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Feed Ethanol Storage Tank 
Identification: Item Feed Ethanol Storage Tank Date: 23 April 2019 
 Item No. T-106 By: GKF 
 No. required 1  
Function: Store ethanol for feed to process 
Operation: Continuous 
Materials Handled: To Process    
Temperature (°F) 77    
Pressure (psig) 0    
Vapor Fraction 0    
Mass Flow (lb/hr) 59495    
Molar Flow (lbmol/hr) 1322    
Component Mass Flow (lb/hr)     
   Ethanol 58305    
   Oxygen 0    
   Carbon Dioxide 0    
   Water 803    
   Ethylene Oxide 0    
   Acetaldehyde 0    
   Monoethylene Glycol 0    
   Diethylene Glycol 0    
   Triethylene Glycol 0    
   Methanol 387    
Design Data: 
 
Amount (time) of ethanol stored: 5 days 
Diameter: 46 ft 
Height: 115 ft 
Material of Construction: Carbon Steel 
Total Storage Volume: 2.86E6 gal 
 
 
Utilities: N/A 
Comments and Drawings: See Section 10.2 
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Product Monoethylene Glycol Storage Tank 
Identification: Item Product MEG Storage Tank Date: 23 April 2019 
 Item No. T-605 By: GKF 
 No. required 1  
Function: Store product monoethylene glycol 
Operation: Continuous 
Materials Handled: To Tank    
Temperature (°F) 90    
Pressure (psig) 0    
Vapor Fraction 0    
Mass Flow (lb/hr) 61564    
Molar Flow (lbmol/hr) 991    
Component Mass Flow (lb/hr)     
   Ethanol 0    
   Oxygen 0    
   Carbon Dioxide 0    
   Water 0.3    
   Ethylene Oxide 0    
   Acetaldehyde 0    
   Monoethylene Glycol 61504    
   Diethylene Glycol 60    
   Triethylene Glycol 0    
   Methanol 0    
Design Data: 
 
Amount (time) of glycol stored: 30 days 
Diameter: 69 ft 
Height: 172 ft 
Material of Construction: Carbon Steel 
Total Storage Volume: 9.54E6 gal 
 
 
Utilities: N/A 
Comments and Drawings: See Section 10.8 
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Product Ethylene Glycol Slurry Storage Tank 
Identification: Item Product EG Slurry Tank Date: 23 April 2019 
 Item No. T-606 By: GKF 
 No. required 1  
Function:  Store product ethylene glycol slurry 
Operation: Continuous 
Materials Handled: To Tank    
Temperature (°F) 90    
Pressure (psig) 0    
Vapor Fraction 0    
Mass Flow (lb/hr) 8794    
Molar Flow (lbmol/hr) 91    
Component Mass Flow (lb/hr)     
   Ethanol 0    
   Oxygen 0    
   Carbon Dioxide 0    
   Water 0    
   Ethylene Oxide 0    
   Acetaldehyde 0    
   Monoethylene Glycol 1982    
   Diethylene Glycol 5009    
   Triethylene Glycol 1803    
   Methanol 0    
Design Data: 
 
Amount (time) of glycol stored: 30 days 
Diameter: 36 ft 
Height: 90 ft 
Material of Construction: Carbon Steel 
Total Storage Volume: 1.38E6 gal 
 
 
Utilities: N/A 
Comments and Drawings: See Section 10.8 
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Feed Ethanol Heat Exchanger 
Identification: Item Feed Ethanol HX Date: 23 April 2019 
 Item No. E-102 By: GKF 
 No. required 1  
Function: Vaporize feed ethanol to enter R-105 
Operation: Continuous 
Materials Handled: Cold In Cold Out Hot In Hot Out 
Temperature (°F) 77 212 257 257 
Pressure (psig) 13.2 8.8 50 50 
Vapor Fraction 0 1 1 0 
Mass Flow (lb/hr) 59495 59495 38712 38712 
Molar Flow (lbmol/hr) 1322 1322 2151 2151 
Component Mass Flow (lb/hr)     
   Ethanol 58305 58305 0 0 
   Oxygen 0 0 0 0 
   Carbon Dioxide 0 0 0 0 
   Water 803 803 0 0 
   Ethylene Oxide 0 0 0 0 
   Acetaldehyde 0 0 0 0 
   Monoethylene Glycol 0 0 0 0 
   Diethylene Glycol 0 0 0 0 
   Triethylene Glycol 0 0 0 0 
   Methanol 387 387 38712 38712 
Design Data: 
Type: Shell and Tube, Fixed 
Effective Surface Area: 931 ft2 
LMTD: 97°F 
Heat Exchanged: 2.72E7 BTU/hr 
Heat Transfer Coefficient: 300 BTU/(hr-ft2-°F) 
Tube Side/ Shell Side Material of Construction: 304 Stainless Steel 
No. Tubes/Pass: 49 
Tube Length: 20 ft 
No. of Tube Passes: 4 
Shell Diameter: 19 in 
Baffle Spacing: 11 in 
Utilities: 50 psig steam at 28,899 lb/hr 
Comments and Drawings: See Section 10.2 
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Absorber Feed Heat Exchanger A 
Identification: Item Absorber Feed HX Date: 23 April 2019 
 Item No. E-202A By: GKF 
 No. required 1  
Function: Cool the feed to the absorber A-205 
Operation: Continuous 
Materials Handled: Cold In Cold Out Hot In Hot Out 
Temperature (°F) 90 120 488 175 
Pressure (psig) 0 0 8.8 6.6 
Vapor Fraction 0 0 1 0.97 
Mass Flow (lb/hr) 5.77E6 5.77E6 1.47E6 1.47E6 
Molar Flow (lbmol/hr) 320788 320788 34586 34586 
Component Mass Flow (lb/hr)     
   Ethanol 0 0 15621 15621 
   Oxygen 0 0 28948 28947 
   Carbon Dioxide 0 0 1.34E6 1.34E6 
   Water 5.77E6 5.77E6 26976 26976 
   Ethylene Oxide 0 0 56761 56761 
   Acetaldehyde 0 0 1195 1195 
   Monoethylene Glycol 0 0 0 0 
   Diethylene Glycol 0 0 0 0 
   Triethylene Glycol 0 0 0 0 
   Methanol 0 0 518 518 
Design Data: 
Type: Shell and Tube, Fixed 
Effective Surface Area: 2432 ft2 
LMTD: 232°F 
Heat Exchanged: 1.13E8 BTU/hr 
Heat Transfer Coefficient: 200 BTU/(hr-ft2-°F) 
Tube Side/ Shell Side Material of Construction: 304 Stainless Steel 
No. Tubes/Pass: 683 
Tube Length: 20 ft 
No. of Tube Passes: 1 
Shell Diameter: 29 in 
Baffle Spacing: 17 in 
Utilities: Cooling water at 3.77E6 lb/hr 
Comments and Drawings: See Section 10.3 
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Absorber Feed Heat Exchanger B 
Identification: Item Absorber Feed HX Date: 23 April 2019 
 Item No. E-202B By: GKF 
 No. required 1  
Function: Cool the feed to the absorber 
Operation: Continuous 
Materials Handled: Cold In Cold Out Hot In Hot Out 
Temperature (°F) 41 90 175 59 
Pressure (psig) 0 0 6.6 4.4 
Vapor Fraction 0 0 1 0.97 
Mass Flow (lb/hr) 3.49E6 3.49E6 1.47E6 1.47E6 
Molar Flow (lbmol/hr) 194067 194067 34586 34586 
Component Mass Flow (lb/hr)     
   Ethanol 0 0 15621 15621 
   Oxygen 0 0 28948 28947 
   Carbon Dioxide 0 0 1.34E6 1.34E6 
   Water 3.49E6 3.49E6 26976 26976 
   Ethylene Oxide 0 0 56761 56761 
   Acetaldehyde 0 0 1195 1195 
   Monoethylene Glycol 0 0 0 0 
   Diethylene Glycol 0 0 0 0 
   Triethylene Glycol 0 0 0 0 
   Methanol 0 0 518 518 
Design Data: 
Type: Shell and Tube, Fixed 
Effective Surface Area: 6,967 ft2 
LMTD: 43°F 
Heat Exchanged: 6.01E7 BTU/hr 
Heat Transfer Coefficient: 200 BTU/(hr-ft2-°F) 
Tube Side/ Shell Side Material of Construction: 304 Stainless Steel 
No. Tubes/Pass: 335 
Tube Length: 20 ft 
No. of Tube Passes: 1 
Shell Diameter: 37 in 
Baffle Spacing: 22 in 
Utilities: Chilled water at 1.22E6 lb/hr 
Comments and Drawings: See Section 10.3 
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Absorbent Water Feed Heat Exchanger 
Identification: Item Absorber Water Feed HX Date: 23 April 2019 
 Item No. E-204 By: GKF 
 No. required 1  
Function: Cool the process water fed to absorber A-205 
Operation: Continuous 
Materials Handled: Cold In Cold Out Hot In Hot Out 
Temperature (°F) 41 85 90 51 
Pressure (psig) 0 0 4.4 0 
Vapor Fraction 0 0 0 0 
Mass Flow (lb/hr) 190332 190332 172763 172763 
Molar Flow (lbmol/hr) 10574 10574 9590 9590 
Component Mass Flow (lb/hr)     
   Ethanol 0 0 0 0 
   Oxygen 0 0 0 0 
   Carbon Dioxide 0 0 0 0 
   Water 190332 190332 172763 172763 
   Ethylene Oxide 0 0 0 0 
   Acetaldehyde 0 0 0 0 
   Monoethylene Glycol 0 0 0 0 
   Diethylene Glycol 0 0 0 0 
   Triethylene Glycol 0 0 0 0 
   Methanol 0 0 0 0 
Design Data: 
Type: Shell and Tube, Fixed 
Effective Surface Area: 17,017 ft2 
LMTD: 8°F 
Heat Exchanged: 8.46E6 BTU/hr 
Heat Transfer Coefficient: 200 BTU/(hr-ft2-°F) 
Tube Side/ Shell Side Material of Construction: 304 Stainless Steel 
No. Tubes/Pass: 158 
Tube Length: 20 ft 
No. of Tube Passes: 21 
Shell Diameter: 37 in 
Baffle Spacing: 22 in 
Utilities: Chilled water at 190,000 lb/hr 
Comments and Drawings: See Section 10.3 
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D-211 Feed Heat Exchanger 
Identification: Item D-211 Feed HX Date: 23 April 2019 
 Item No. E-210 By: GKF 
 No. required 1  
Function: Heats the feed to D-211 to reduce reboiler duty 
Operation: Continuous 
Materials Handled: Cold In Cold Out Hot In Hot Out 
Temperature (°F) 49 208 253 253 
Pressure (psig) 52.9 48.5 50 50 
Vapor Fraction 0 0 1 0 
Mass Flow (lb/hr) 3.94E6 3.94E6 6.77E6 6.77E6 
Molar Flow (lbmol/hr) 216067 216067 37606 37606 
Component Mass Flow (lb/hr)     
   Ethanol 15621 15621 0 0 
   Oxygen 8 8 0 0 
   Carbon Dioxide 12032 12032 0 0 
   Water 3.85E6 3.85E6 6.77E6 6.77E6 
   Ethylene Oxide 55442 55442 0 0 
   Acetaldehyde 1195 1195 0 0 
   Monoethylene Glycol 0 0 0 0 
   Diethylene Glycol 0 0 0 0 
   Triethylene Glycol 0 0 0 0 
   Methanol 518 518 0 0 
Design Data: 
Type: Shell and Tube, Fixed 
Effective Surface Area: 20,230 ft2 
LMTD: 105°F 
Heat Exchanged: 6.39E8 BTU/hr 
Heat Transfer Coefficient: 300 BTU/(hr-ft2-°F) 
Tube Side/ Shell Side Material of Construction: 304 Stainless Steel 
No. Tubes/Pass: 1088 
Tube Length: 20 ft 
No. of Tube Passes: 4  
Shell Diameter: 37 in 
Baffle Spacing: 22 in 
Utilities: 50 psig steam at 6.77E6 lb/hr 
Comments and Drawings: See Section 10.3 
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D-302 Feed Heat Exchanger 
Identification: Item D-302 Feed HX Date: 23 April 2019 
 Item No. E-301 By: GKF 
 No. required 1  
Function: Cool the outlet from D-211 to be fed to D-302 
Operation: Continuous 
Materials Handled: Cold In Cold Out Hot In Hot Out 
Temperature (°F) 90 120 295 220 
Pressure (psig) 0 0 48.5 44.1 
Vapor Fraction 0 0 0 0 
Mass Flow (lb/hr) 1.13E7 1.13E7 3.87E6 3.87E6 
Molar Flow (lbmol/hr) 6.26E6 6.26E6 214419 214419 
Component Mass Flow (lb/hr)     
   Ethanol 0 0 15105 15105 
   Oxygen 0 0 0 0 
   Carbon Dioxide 0 0 0 0 
   Water 1.13E7 1.13E7 3.86E6 3.86E6 
   Ethylene Oxide 0 0 75 75 
   Acetaldehyde 0 0 1174 1174 
   Monoethylene Glycol 0 0 0 0 
   Diethylene Glycol 0 0 0 0 
   Triethylene Glycol 0 0 0 0 
   Methanol 0 0 508 508 
Design Data: 
Type: Shell and Tube, Fixed 
Effective Surface Area: 11,140 ft2 
LMTD: 151°F 
Heat Exchanged: 3.37E8 BTU/hr 
Heat Transfer Coefficient: 200 BTU/(hr-ft2-°F) 
Tube Side/ Shell Side Material of Construction: 304 Stainless Steel 
No. Tubes/Pass: 1867 
Tube Length: 20 ft 
No. of Tube Passes: 1  
Shell Diameter: 37 in 
Baffle Spacing: 22 in 
Utilities: Cooling water at 1.13E7 lb/hr 
Comments and Drawings: See Section 10.4 
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Molecular Sieves Feed Heat Exchanger 
Identification: Item Mol. Sieves Feed HX Date: 23 April 2019 
 Item No. E-304 By: GKF 
 No. required 1  
Function: Vaporize the feed to the molecular sieves system (D-305) 
Operation: Continuous 
Materials Handled: Cold In Cold Out Hot In Hot Out 
Temperature (°F) 163 300 345 345 
Pressure (psig) 65.0 60.6 150 150 
Vapor Fraction 0 1 1 0 
Mass Flow (lb/hr) 16204 16204 8809 8809 
Molar Flow (lbmol/hr) 413 413 489 489 
Component Mass Flow (lb/hr)     
   Ethanol 13309 13309 0 0 
   Oxygen 0 0 0 0 
   Carbon Dioxide 0 0 0 0 
   Water 1712 1712 8809 8809 
   Ethylene Oxide 75 75 0 0 
   Acetaldehyde 822 822 0 0 
   Monoethylene Glycol 0 0 0 0 
   Diethylene Glycol 0 0 0 0 
   Triethylene Glycol 0 0 0 0 
   Methanol 285 285 0 0 
Design Data: 
Type: Shell and Tube, Fixed 
Effective Surface Area: 261 ft2 
LMTD: 99°F 
Heat Exchanged: 7.71E6 BTU/hr 
Heat Transfer Coefficient: 300 BTU/(hr-ft2-°F) 
Tube Side/ Shell Side Material of Construction: 304 Stainless Steel 
No. Tubes/Pass: 13 
Tube Length: 20 ft 
No. of Tube Passes: 4  
Shell Diameter: 10 in 
Baffle Spacing: 6 in 
Utilities: 150 psig steam at 8,809 lb/hr 
Comments and Drawings: See Section 10.4 
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Water Recycle 1 Heat Exchanger A 
Identification: Item Water Recycle 1 HX A Date: 23 April 2019 
 Item No. E-309A, E-310A, E-311A By: GKF 
 No. required 3  
Function: Cool the water recycle to be fed back to A-205 
Operation: Continuous 
Materials Handled: Cold In Cold Out Hot In Hot Out 
Temperature (°F) 90 120 233 120 
Pressure (psig) 0 0 22.0 19.8 
Vapor Fraction 0 0 0 0 
Mass Flow (lb/hr) 5.12E6 5.12E6 1.29E6 1.29E6 
Molar Flow (lbmol/hr) 284493 284493 71368 71368 
Component Mass Flow (lb/hr)     
   Ethanol 0 0 643 643 
   Oxygen 0 0 0 0 
   Carbon Dioxide 0 0 0 0 
   Water 5.12E6 5.12E6 1.29E6 1.29E6 
   Ethylene Oxide 0 0 0.3 0.3 
   Acetaldehyde 0 0 120 120 
   Monoethylene Glycol 0 0 0 0 
   Diethylene Glycol 0 0 0 0 
   Triethylene Glycol 0 0 0 0 
   Methanol 0 0 75 75 
Design Data: 
Type: Shell and Tube, Fixed 
Effective Surface Area: 8,266 ft2 
LMTD: 93°F 
Heat Exchanged: 1.53E8 BTU/hr 
Heat Transfer Coefficient: 200 BTU/(hr-ft2-°F) 
Tube Side/ Shell Side Material of Construction: 304 Stainless Steel 
No. Tubes/Pass: 1060 
Tube Length: 20 ft 
No. of Tube Passes: 1  
Shell Diameter: 37 in 
Baffle Spacing: 22 in 
Utilities: Cooling water at 5.12E6 lb/hr  
Comments and Drawings: See Section 10.4 
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Water Recycle 1 Heat Exchanger B 
Identification: Item Water Recycle 1 HX B Date: 23 April 2019 
 Item No. E-309B, E-310B, E-311B By: GKF 
 No. required 3  
Function: Chill the water recycle to be fed back to A-205 
Operation: Continuous 
Materials Handled: Cold In Cold Out Hot In Hot Out 
Temperature (°F) 41 90 120 51 
Pressure (psig) 0 0 19.8 17.6 
Vapor Fraction 0 0 0 0 
Mass Flow (lb/hr) 2.05E6 2.05E6 1.29E6 1.29E6 
Molar Flow (lbmol/hr) 113961 113961 71368 71368 
Component Mass Flow (lb/hr)     
   Ethanol 0 0 64 64 
   Oxygen 0 0 0 0 
   Carbon Dioxide 0 0 0 0 
   Water 2.05E6 2.05E6 1.29E6 1.29E6 
   Ethylene Oxide 0 0 0.3 0.3 
   Acetaldehyde 0 0 120 120 
   Monoethylene Glycol 0 0 0 0 
   Diethylene Glycol 0 0 0 0 
   Triethylene Glycol 0 0 0 0 
   Methanol 0 0 75 75 
Design Data: 
Type: Shell and Tube, Fixed 
Effective Surface Area: 43,288 ft2 
LMTD: 19°F 
Heat Exchanged: 1.02E8 BTU/hr 
Heat Transfer Coefficient: 200 BTU/(hr-ft2-°F) 
Tube Side/ Shell Side Material of Construction: 304 Stainless Steel 
No. Tubes/Pass: 1699 
Tube Length: 20 ft 
No. of Tube Passes: 4  
Shell Diameter: 37 in 
Baffle Spacing: 22 in 
Utilities: Chilled water at 2.05E6 lb/hr  
Comments and Drawings: See Section 10.4 
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Multi-Effect Heat Exchanger 1 
Identification: Item Multi-Effect HX 1 Date: 23 April 2019 
 Item No. E-504 By: GKF 
 No. required 1  
Function: Condense the outlet from F-501; cool to room temperature; integrate heat to F-502 
Operation: Continuous 
Materials Handled: Cold In Cold Out Hot In Hot Out 
Temperature (°F) 90 120 192 100 
Pressure (psig) 0 0 -5.4 -5.4 
Vapor Fraction 0 0 1 0 
Mass Flow (lb/hr) 3.82E6 3.82E6 106708 106708 
Molar Flow (lbmol/hr) 212451 212451 5867 5867 
Component Mass Flow (lb/hr)     
   Ethanol 0 0 395 395 
   Oxygen 0 0 0.01 0.01 
   Carbon Dioxide 0 0 921 921 
   Water 3.82E6 3.82E6 105055 105055 
   Ethylene Oxide 0 0 0 0 
   Acetaldehyde 0 0 19 19 
   Monoethylene Glycol 0 0 309 309 
   Diethylene Glycol 0 0 3 3 
   Triethylene Glycol 0 0 0.3 0.3 
   Methanol 0 0 7 7 
Design Data: 
Type: Shell and Tube, Fixed 
Effective Surface Area: 34,355 ft2 
LMTD: 32°F 
Heat Exchanged: 1.14E8 BTU/hr 
Heat Transfer Coefficient: 200 BTU/(hr-ft2-°F) 
Tube Side/ Shell Side Material of Construction: 304 Stainless Steel 
No. Tubes/Pass: 1,583  
Tube Length: 20 ft 
No. of Tube Passes: 4  
Shell Diameter: 37 in 
Baffle Spacing: 22 in 
Utilities: Cooling water at 3.82E6 lb/hr 
Comments and Drawings: See Section 10.7 
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Multi-Effect Heat Exchanger 2 
Identification: Item Multi-Effect HX 2 Date: 23 April 2019 
 Item No. E-505 By: GKF 
 No. required 1  
Function: Condense the outlet from F-502; cool to room temperature; integrate heat to F-503 
Operation: Continuous 
Materials Handled: Cold In Cold Out Hot In Hot Out 
Temperature (°F) 90 120 181 100 
Pressure (psig) 0 0 -7.6 -7.6 
Vapor Fraction 0 0 1 0 
Mass Flow (lb/hr) 4.36E6 4.36E6 120914 120914 
Molar Flow (lbmol/hr) 241988 241988 6689 6689 
Component Mass Flow (lb/hr)     
   Ethanol 0 0 101 101 
   Oxygen 0 0 0 0 
   Carbon Dioxide 0 0 0.5 0.5 
   Water 4.36E6 4.36E6 120328 120328 
   Ethylene Oxide 0 0 0 0 
   Acetaldehyde 0 0 2 2 
   Monoethylene Glycol 0 0 476 476 
   Diethylene Glycol 0 0 4 4 
   Triethylene Glycol 0 0 0.3 0.3 
   Methanol 0 0 2 2 
Design Data: 
Type: Shell and Tube, Fixed 
Effective Surface Area: 44,724 ft2 
LMTD: 28°F 
Heat Exchanged: 1.30E8 BTU/hr 
Heat Transfer Coefficient: 200 BTU/(hr-ft2-°F) 
Tube Side/ Shell Side Material of Construction: 304 Stainless Steel 
No. Tubes/Pass: 1803 
Tube Length: 20 ft 
No. of Tube Passes: 4 
Shell Diameter: 37 in 
Baffle Spacing: 22 in 
Utilities: Cooling water at 4.36E6 lb/hr 
Comments and Drawings: See Section 10.7 
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Water Recycle 2 Heat Exchanger 
Identification: Item Water Recycle 2 HX Date: 23 April 2019 
 Item No. E-506 By: GKF 
 No. required 1  
Function: Condense the vapor outlet from F-503 for recycle to R-403 
Operation: Continuous 
Materials Handled: Cold In Cold Out Hot In Hot Out 
Temperature (°F) 90 120 170 100 
Pressure (psig) 0 0 -9.8 -9.8 
Vapor Fraction 0 0 1 0 
Mass Flow (lb/hr) 5.06E6 5.06E6 134761 134761 
Molar Flow (lbmol/hr) 281353 281353 7435 7435 
Component Mass Flow (lb/hr)     
   Ethanol 0 0 17 17 
   Oxygen 0 0 0 0 
   Carbon Dioxide 0 0 0 0 
   Water 5.06E6 5.06E6 133608 133608 
   Ethylene Oxide 0 0 0 0 
   Acetaldehyde 0 0 0.09 0.09 
   Monoethylene Glycol 0 0 1126 1126 
   Diethylene Glycol 0 0 9 9 
   Triethylene Glycol 0 0 0.2 0.2 
   Methanol 0 0 0.6 0.6 
Design Data: 
Type: Shell and Tube, Fixed 
Effective Surface Area: 9,211 ft2 
LMTD: 55°F 
Heat Exchanged: 1.52E8 BTU/hr 
Heat Transfer Coefficient: 200 BTU/(hr-ft2-°F) 
Tube Side/ Shell Side Material of Construction: 304 Stainless Steel 
No. Tubes/Pass: 839 
Tube Length: 20 ft 
No. of Tube Passes: 2  
Shell Diameter: 37 in 
Baffle Spacing: 22 in 
Utilities: Cooling Water at 5.06E6 lb/hr 
Comments and Drawings: See Section 10.7 
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D-512 Feed Heat Exchanger 
Identification: Item D-512 Feed HX Date: 23 April 2019 
 Item No. E-511 By: GKF 
 No. required 1  
Function: Preheat the feed to column D-512 
Operation: Continuous 
Materials Handled: Cold In Cold Out Hot In Hot Out 
Temperature (°F) 170 392 437 437 
Pressure (psig) 8.8 4.4 450 450 
Vapor Fraction 0 1 1 0 
Mass Flow (lb/hr) 167856 167856 1.86E6 1.86E6 
Molar Flow (lbmol/hr) 6470 6470 10319 10319 
Component Mass Flow (lb/hr)     
   Ethanol 1 1 0 0 
   Oxygen 0 0 0 0 
   Carbon Dioxide 0 0 0 0 
   Water 96865 96865 1.86E6 1.86E6 
   Ethylene Oxide 0 0 0 0 
   Acetaldehyde 0 0 0 0 
   Monoethylene Glycol 64116 64116 0 0 
   Diethylene Glycol 5071 5071 0 0 
   Triethylene Glycol 1803 1803 0 0 
   Methanol 0.06 0.06 0 0 
Design Data: 
Type: Shell and Tube, Fixed 
Effective Surface Area: 3,913 ft2 
LMTD: 125°F 
Heat Exchanged: 1.47E8 BTU/hr 
Heat Transfer Coefficient: 300 BTU/(hr-ft2-°F) 
Tube Side/ Shell Side Material of Construction: 304 Stainless Steel 
No. Tubes/Pass: 140 
Tube Length: 20 ft 
No. of Tube Passes: 4  
Shell Diameter: 34 in 
Baffle Spacing: 20 in 
Utilities: 450 psig steam at 1.86E6 lb/hr 
Comments and Drawings: See Section 10.7 
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Monoethylene Glycol Product Heat Exchanger 
Identification: Item MEG Product HX Date: 23 April 2019 
 Item No. E-603 By: GKF 
 No. required 1  
Function: Cool the product monoethylene glycol for storage in T-605 
Operation: Continuous 
Materials Handled: Cold In Cold Out Hot In Hot Out 
Temperature (°F) 90 120 387 100 
Pressure (psig) 0 0 4.4 0 
Vapor Fraction 0 0 0 0 
Mass Flow (lb/hr) 391,086 391,086 61564 61564 
Molar Flow (lbmol/hr) 21,727 21,727 991 991 
Component Mass Flow (lb/hr)     
   Ethanol 0 0 0 0 
   Oxygen 0 0 0 0 
   Carbon Dioxide 0 0 0 0 
   Water 391,086 391,086 0.3 0.3 
   Ethylene Oxide 0 0 0 0 
   Acetaldehyde 0 0 0 0 
   Monoethylene Glycol 0 0 61504 61504 
   Diethylene Glycol 0 0 60 60 
   Triethylene Glycol 0 0 0 0 
   Methanol 0 0 0 0 
Design Data: 
Type: Shell and Tube, Fixed 
Effective Surface Area: 1,231 ft2 
LMTD: 78°F 
Heat Exchanged: 1.17E7 BTU/hr 
Heat Transfer Coefficient: 200 BTU/(hr-ft2-°F) 
Tube Side/ Shell Side Material of Construction: 304 Stainless Steel 
No. Tubes/Pass: 65 
Tube Length: 20 ft 
No. of Tube Passes: 4  
Shell Diameter: 22 in 
Baffle Spacing: 13 in 
Utilities: Cooling water at 391,086 lb/hr 
Comments and Drawings: See Section 10.8 
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Ethylene Glycol Slurry Product Heat Exchanger 
Identification: Item EG Slurry Product HX Date: 23 April 2019 
 Item No. E-604 By: GKF 
 No. required 1  
Function: Cool the product ethylene glycol slurry for storage in T-606 
Operation: Continuous 
Materials Handled: Cold In Cold Out Hot In Hot Out 
Temperature (°F) 90 120 466 100 
Pressure (psig) 0 0 4.4 0 
Vapor Fraction 0 0 0 0 
Mass Flow (lb/hr) 82329 82329 8793 8793 
Molar Flow (lbmol/hr) 4574 4574 91 91 
Component Mass Flow (lb/hr)     
   Ethanol 0 0 0 0 
   Oxygen 0 0 0 0 
   Carbon Dioxide 0 0 0 0 
   Water 82329 82329 0 0 
   Ethylene Oxide 0 0 0 0 
   Acetaldehyde 0 0 0 0 
   Monoethylene Glycol 0 0 1981 1981 
   Diethylene Glycol 0 0 5009 5009 
   Triethylene Glycol 0 0 1803 1803 
   Methanol 0 0 0 0 
Design Data: 
Type: Shell and Tube, Fixed 
Effective Surface Area: 213 ft2 
LMTD: 93°F 
Heat Exchanged: 2.46E6 BTU/hr 
Heat Transfer Coefficient: 200 BTU/(hr-ft2-°F) 
Tube Side/ Shell Side Material of Construction: 304 Stainless Steel 
No. Tubes/Pass: 17 
Tube Length: 20 ft 
No. of Tube Passes: 2  
Shell Diameter: 9 in 
Baffle Spacing: 5 in 
Utilities: Cooling water at 82,329 lb/hr 
Comments and Drawings: See Section 10.8 
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R-105 Heat Exchanger 
Identification: Item R-105 HX Date: 23 April 2019 
 Item No. R-105A By: GKF 
 No. required 1  
Function: Provide heat duty for the R-105 reaction 
Operation: Continuous 
Materials Handled: Cold In Cold Out Hot In Hot Out 
Temperature (°F) 127 392 437 437 
Pressure (psig) 0 0 450 450 
Vapor Fraction 1 1 1 0 
Mass Flow (lb/hr) 1.47E6 1.47E6 44313 44313 
Molar Flow (lbmol/hr) 33888 33888 2462 2462 
Component Mass Flow (lb/hr)     
   Ethanol 78103 78103 0 0 
   Oxygen 53903 53903 0 0 
   Carbon Dioxide 1.33E6 1.33E6 0 0 
   Water 1076 1076 44313 44313 
   Ethylene Oxide 0 0 0 0 
   Acetaldehyde 0 0 0 0 
   Monoethylene Glycol 0 0 0 0 
   Diethylene Glycol 0 0 0 0 
   Triethylene Glycol 0 0 0 0 
   Methanol 518 518 0 0 
Design Data: 
Type: Shell and Tube, Fixed 
Effective Surface Area: 848 ft2 
LMTD: 137°F 
Heat Exchanged: 3.50E7 BTU/hr 
Heat Transfer Coefficient: 300 BTU/(hr-ft2-°F) 
Tube Side/ Shell Side Material of Construction: 304 Stainless Steel 
No. Tubes/Pass: 244 
Tube Length: 20 ft 
No. of Tube Passes: 1 
Shell Diameter: 19 in 
Baffle Spacing: 11 in 
Utilities: 450 psig steam at 44,313 lb/hr 
Comments and Drawings: See Section 10.2 
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R-403 Heat Exchanger 
Identification: Item R-403 HX Date: 23 April 2019 
 Item No. R-403A By: GKF 
 No. required 1  
Function: Provide heat duty for the R-403 reaction 
Operation: Continuous 
Materials Handled: Cold In Cold Out Hot In Hot Out 
Temperature (°F) 76 302 347 347 
Pressure (psig) 142.6 142.6 150 150 
Vapor Fraction 0 0 1 0 
Mass Flow (lb/hr) 530240 530240 82223 82223 
Molar Flow (lbmol/hr) 27656 27656 4568 4568 
Component Mass Flow (lb/hr)     
   Ethanol 515 515 0 0 
   Oxygen 0.01 0.01 0 0 
   Carbon Dioxide 921 921 0 0 
   Water 476100 476100 82223 82223 
   Ethylene Oxide 52673 52673 0 0 
   Acetaldehyde 21 21 0 0 
   Monoethylene Glycol 0 0 0 0 
   Diethylene Glycol 0 0 0 0 
   Triethylene Glycol 0 0 0 0 
   Methanol 10 10 0 0 
Design Data: 
Type: Shell and Tube, Fixed 
Effective Surface Area: 1,905 ft2 
LMTD: 126°F 
Heat Exchanged: 7.19E7 BTU/hr 
Heat Transfer Coefficient: 300 BTU/(hr-ft2-°F) 
Tube Side/ Shell Side Material of Construction: 304 Stainless Steel 
No. Tubes/Pass: 88  
Tube Length: 20 ft 
No. of Tube Passes: 4  
Shell Diameter: 24 in 
Baffle Spacing: 14 in 
Utilities: 150 psig steam at 82,223 lb/hr 
Comments and Drawings: See Section 10.6 
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R-404 Heat Exchanger 
Identification: Item R-404 HX Date: 23 April 2019 
 Item No. R-404A By: GKF 
 No. required 1  
Function: Remove heat for R-404 
Operation: Continuous 
Materials Handled: Cold In Cold Out Hot In Hot Out 
Temperature (°F) 90 120 302 266 
Pressure (psig) 0 0 132.3 132.3 
Vapor Fraction 0 0 0 0 
Mass Flow (lb/hr) 716566 716566 530240 530240 
Molar Flow (lbmol/hr) 39809 39809 26464 26464 
Component Mass Flow (lb/hr)     
   Ethanol 0 0 515 515 
   Oxygen 0 0 0.01 0.01 
   Carbon Dioxide 0 0 921 921 
   Water 716566 716566 476100 476100 
   Ethylene Oxide 0 0 52673 52673 
   Acetaldehyde 0 0 21 21 
   Monoethylene Glycol 0 0 0 0 
   Diethylene Glycol 0 0 0 0 
   Triethylene Glycol 0 0 0 0 
   Methanol 0 0 10 10 
Design Data: 
Type: Shell and Tube, Fixed 
Effective Surface Area: 599 ft2 
LMTD: 179°F 
Heat Exchanged: 2.15E7 BTU/hr 
Heat Transfer Coefficient: 200 BTU/(hr-ft2-°F) 
Tube Side/ Shell Side Material of Construction: 304 Stainless Steel 
No. Tubes/Pass: 119 
Tube Length: 20 ft 
No. of Tube Passes: 1  
Shell Diameter: 14 in 
Baffle Spacing: 8 in 
Utilities: Cooling water at 716,556 lb/hr 
Comments and Drawings: See Section 10.6 
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Section 15 
Equipment Cost Summary 
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All equipment was costed using the Equipment Costing Spreadsheet that incorporates the 
empirical purchasing cost data of all major units, then corrects the cost based on the bare module 
factor and the CE Index. A CE Index of 616 was used, as that was the most recent value from 
December 2018. Tables 15.1 and 15.2 summarize the costing of all the equipment required for the 
success of the plant, along with spare parts. The process machinery category includes storage 
tanks, compressors, pumps, and the spare parts needed. Spare parts were only included for process 
machinery (compressors and pumps). The Green Glycol plant was designed for 330 days per year 
of up-time, which allows for maintenance time for the fabricated equipment.  
The fabricated equipment category consists of heat exchangers, reactors, and any columns 
necessary for separations. The total capital cost of the equipment amounts to $138 MM. The high 
volume of gases present in the Green Glycol process due to the 5 v/v% oxygen concentration in 
Reaction 1 caused generally large equipment. Many of the pumps, heat exchangers, storage tanks, 
and compressors were outside of the size ranges included in the Equipment Costing Spreadsheet. 
For these pieces of equipment, the costs were calculated manually using the correlations in Product 
and Process Design Principles to make sure the correlations extrapolated correctly to the Green 
Glycol equipment sizes.  
The molecular sieve system was the only equipment system not costed in the Equipment 
Costing spreadsheet. Cost estimates were obtained through corresponding with representatives 
from ICM, a molecular sieve vendor and ethanol manufacturer. 
When comparing the costs of all the equipment, the columns required for separations incur 
the most significant price tag, at 40.0% of the total equipment cost. Most of the separation 
equipment is oversized and must be built on-site at an additional 1.5x cost factor. The sheer scale 
of the plant and the large volumes of gas present throughout the process validate the need to 
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purchase larger pieces of equipment despite the capital costs. For instance, the absorber is priced 
at $22.7 MM due to the large volume required to manage the amount of process water absorbent 
feed in addition to the considerable volume of gas that is scrubbed.  
The second most expensive category of equipment is the heat exchangers, which accounts 
for 35.1% of the total equipment cost. The heat exchangers are unreasonably expensive due to the 
sizable areas required for cooling the large recycle streams and regulating the considerable 
condenser or reboiler duty requirements from the distillation columns. For instance, although the 
recycled absorbent water stream is partitioned into 3 parallel streams, the chilled water heat 
exchangers are still approximately $5.3 MM each. The details on these unreasonably-sized 
exchangers are noted in Section 13.6.  
The last notable portion of the equipment cost comes from the compressors, at 10.7% of 
the total cost. As there are large volumes of supercritical gases present, the compressors required 
to increase the pressure and drive the stream flows are costly. The larger compressors surround the 
absorber and are caught in the gaseous recycle loop, whereas the smaller two compressors simply 
increase the pressure of the make-up feed inlets. The full breakdown on the cost based on type of 
unit is emphasized in Figure 15.1. 
The most expensive pieces of equipment are the absorber (A-205) at $22.7 MM, the 
azeotropic distillation column (D-302) at $10.2 MM, the MEG purification column (D-601) at 
$9.3 MM, the ethylene oxide distillation column (D-211), and the two compressors surrounding 
the absorber (C-201 and C-206) at $7.9 MM and $6.6 MM, respectively. 
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Figure 15.1. Breakdown of the Equipment Capital Costs for the Green Glycol Process 
 
The increased purchase costs of the equipment (except for storage tanks and compressors) 
can be attributed to using stainless steel as the construction material. Water is present throughout 
the process (sometimes in acidic conditions), and the product is required to meet a certain clearness 
quality to be sold at its high margin of $0.62/lb. Thus, stainless steel is preferable to carbon steel 
due to its resistance to corrosion. Future work should evaluate the potential of using hydrogenators 
to prevent discoloration in lieu of the expensive stainless steel.  
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Table 15.1. Equipment Cost Summary of Process Machinery and Storage Tanks 
  
191
  
Table 15.2. Equipment Cost Summary of Fabricated Equipment 
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Section 16 
Fixed Capital Investment Summary 
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16.1. Costs of Catalyst Lifetimes 
 The total bare module costs include all equipment and catalysts. $2.57 MM covers the costs 
of both catalysts. The pricing breakdown is shown in Table 16.1. The costs of the catalysts were 
calculated using an assumed lifetime of five years. According to the algorithm from CatCostTM, 
the catalyst for the first reaction, Au/Li2O/Al2O3, costs $309.86/lb catalyst, with a total purchase 
cost of $304,000 for the required 981 lb. The catalyst for the second reaction, Sn-10wt%Nb2O5/ɑ-
Al2O3, costs $26.63/lb catalyst with a total purchase cost of $1,412,000 for the required 53,000 
lb.2 A bare module factor of 1.5 was used for both catalysts as recommended by Product and 
Process Design Principles.12  Replacement catalysts will need to be purchased approximately 
every five years throughout the plant lifetime. The plant will require three purchase orders of the 
catalysts because the Profitability Spreadsheet models the plant over 15 years. Each purchase cost 
will be $1.72 MM. A bare module factor of 1.5 was used to obtain a total cost of $7.72 MM for 
the three orders over the 15 years projected on the used spreadsheet.  
Table 16.1 Summary of Cost of Catalyst Lifetimes 
Catalyst Cost per lb 
Quantity 
(lb) 
Purchase 
Cost 
Bare Module 
Factor 
Bare Module 
Cost 
15-Year 
Bare 
Module 
Cost 
Au/Li2O/
Al2O3 $309.86/lb cat 981 $304,000 1.5 $456,000 $1.37 MM 
Sn-
10wt%N
b2O5/ɑ-
Al2O3 $26.63/lb cat 53,000 $1.41 MM 1.5 $2.12 MM $6.35 MM 
     
Total Cost of 
Catalysts $7.72 MM 
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16.2. Maintenance, Operations, and Other Fixed Costs  
 Operations and maintenance make up a significant portion of the Green Glycol plant’s 
costs due to the sheer size of production. The plant will require 10 operators to maintain the two 
sub-processes with a reaction and separations for each, including 10 total major pieces of 
equipment. There are no logistics issues such as trucks of feedstock coming in that need to be 
weighed and unloaded or supersacks of solids that need to be fed into reactors, as the ethanol feed 
will be delivered via pipe from a nearby ethanol plant. The product will be moving in bulk via 
barge vessels along the Mississippi River or via rail on land.  
The Technical Assistance to Manufacturing in the Profitability Spreadsheet was changed 
to a total cost of $1.2 MM, accounting for six engineers at the plant. The total operations cost of 
the Control Laboratory was changed to $1.05 MM, to account for two scientists on site. The 
percentage of the total depreciable capital occupied by Wages and Benefits was decreased to 3.5% 
because the Green Glycol plant only processes fluids, no solids. Additionally, the Property Taxes 
and Insurance was decreased to 1.0% because the plant will be located in a sparsely populated area 
of 25,500 people in Clinton, Iowa. These values were estimated based on heuristics from the 
Product and Process Design Principles.12. The remaining values were left as the default based on 
general recommendations, as there was no indication that this process would deviate from the 
scope of other heuristics. 
International transportation was not factored into the economics because the goal of Green 
Glycol is to first be competitive in domestic markets to decrease overall consumption of non-
renewable ethylene glycol in the United States. However, an important consideration is that China 
holds 64% of the market share for ethylene glycol.1 Therefore, the Green Glycol product has strong 
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market potential in China despite the significant transportation costs. A summary of the fixed costs 
of the Green Glycol plant is shown in Table 16.2.  
Table 16.2. Summary of Fixed Costs   
Fixed Cost Summary     
Operations      
 Direct Wages and Benefits   $4,160,000 
 Direct Salaries and Benefits  $624,000 
 Operating Supplies and Services  $249,600 
 Technical Assistance to Manufacturing  $1,200,000 
 Control Laboratory   $1,050,000 
 Total Operations   $7,283,600 
Maintenance     
 Wages and Benefits   $6,359,158 
 Salaries and Benefits   $1,589,790 
 Materials and Services   $6,359,158 
 Maintenance Overhead   $317,958 
 Total Maintenance   $14,626,063 
Operating Overhead     
      
 General Plant Overhead:   $904,039 
 Mechanical Department Services:  $305,591 
 Employee Relations Department:  $751,244 
 Business Services:   $942,238 
 Total Operating Overhead  $2,903,112 
Property Taxes and Insurance    
 Property Taxes and Insurance:  $1,816,902 
Other Annual Expenses     
 Rental Fees (Office and Laboratory Space): $ - 
 Licensing Fees:   $ - 
 Miscellaneous:   $ - 
 Total Other Annual Expenses  $ - 
Total Fixed Costs    $26,629,678 
 
16.3. Total Permanent Investment 
 There will also be fees associated with start-up and construction of the plant. The sum of 
these fees combined with the total bare module costs for fabricated equipment, process machinery, 
as well as other allocated costs is the total permanent investment.  These fees were defaulted to 
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general recommendations. The total permanent investment of the Green Glycol plant is $203 MM, 
as summarized in Table 16.3. 
 
Table 16.3. Investment Summary for the Green Glycol Process.  
Investment Summary      
Total Bare Module Costs:      
 Fabricated 
Equipment 
   $111,556,489  
 Process Machinery    $16,185,495  
 Spares     $2,677,080  
 Storage     $6,984,000  
 Other Equipment    $ -  
 Catalysts     $2,574,000  
 Computers, Software, Etc.   $ -  
 Total Bare Module Costs:    $139,977,064 
        
Direct Permanent Investment      
 Cost of Site Preparations:   $6,998,853  
 Cost of Service Facilities:   $6,998,853  
 Allocated Costs for utility plants and related facilities: $ -  
 Direct Permanent Investment    $153,974,770 
        
Total Depreciable Capital      
 Cost of Contingencies & Contractor Fees  $27,715,459  
 Total Depreciable Capital    $181,690,229 
        
Total Permanent Investment      
 Cost of Land:    $3,633,805  
 Cost of Royalties:    $ -  
 Cost of Plant Start-
Up: 
   $18,169,023  
 Total Permanent Investment - Unadjusted   $203,493,057 
 Site 
Factor 
     1 
 Total Permanent Investment    $203,493,057 
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Section 17 
Operating Costs 
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Section 17.1: Raw Materials 
 The Green Glycol process uses ethanol and oxygen as raw materials to produce ethylene 
oxide and, subsequently, ethylene glycol. Ethanol will be the limiting reagent in the first reaction, 
as it is the most expensive feed in the process (annual operating expense of $93MM per year). The 
price of ethanol used in economic analyses reflects a discount from Archer Daniels Midland Co. 
due to the plant’s location in Clinton, Iowa, as discussed in Section 9.1. Market analyses have been 
showing a steady decline in the base price of ethanol, which could further reduce the cost of the 
make-up feed in the future.13 A sensitivity on the price of ethanol is analyzed in Section 18.1.2. 
 The gases will be purchased directly from AirProducts facilities near the Green Glycol 
plant location (Nevada, IA and LaSalle, IL) to reduce transportation costs.14 Carbon dioxide is 
used as a diluent to ensure that the oxygen concentration remains at 5% to prevent coking of the 
catalyst. Although a substantial amount of carbon dioxide is present in the system, the majority is 
able to be recovered and recycled in the separation systems. Thus, the makeup of carbon dioxide 
only amounts to $580,000 MM per year. 
Table 17.1. Demand and Cost of Raw Materials for the Green Glycol Process 
Chemical Price Required Ratio Yearly Demand 
(MM lb/year) 
Total Cost 
($/year) 
Ethanol $0.179/lb 0.97 521 $93 MM 
Oxygen $0.030/lb 0.33 178 $5.4 MM 
Carbon Dioxide $0.010/lb 0.11 58 $58,000/year 
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Section 17.1.1: Azeotropic Separation Considerations 
 The first reaction proceeds to 80% conversion of ethanol on the first pass, and the majority 
of the remaining 20% is recycled back to yield an overall conversion of 98%. Based on the current 
cost of ethanol, recycling the unconverted 105 MM lb per year amounts to $18.9MM per year in 
credits. However, due to the ethanol-water azeotrope, multiple separation processes are required 
to properly dry the ethanol. Due to the sheer amount of water coming from the absorber (3.86 MM 
lb/hr), a very large and expensive distillation column is required to get the ethanol stream to the 
azeotrope. Additionally, the multiple packed molecular sieve bottles will be costly due to the 
amount of sieves, quick turnaround time, and required valve controller system. 
 The credits from recycling the remaining ethanol were compared to the added capital and 
operating expenses of the recycle process, showing that the separation is indeed profitable by 
$12.5MM per year. A summary of credits and costs is summarized in Table 17.2. Although the 
credits are not necessarily coming directly from the ethanol recycle, there is a significant cost 
($16MM per year) associated with purging the leftover ethanol and paying for wastewater 
treatment. Recycling the ethanol and getting an overall conversion of 98% prevents these 
substantial costs. Additionally, recycling the ethanol saves operating costs by reducing the 
electricity required to pump and then vaporize the makeup feed ethanol.  
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Table 17.2. Summary of Costs and Credits Associated with Azeotropic Separation 
Description Unit IDs Value 
Percentage of Total 
Credits 
Ethanol Recycle Stream 37 $18.9 MM -- 
Major Equipment Capital 
Costs D-302, D-305 ($13.2 MM) 38.10% 
Supporting Equipment 
Capital Costs 
P-303 
E-301, E-304 
E-D-302-C, E-D-302-
R ($6.2 MM) 17.90% 
Added Utility Costs 
Electricity 
LP Steam 
MP Steam 
Cooling Water ($2.7 MM) 7.80% 
Utility Credits 
Electricity 
LP Steam 
Wastewater Treatment $15.8 MM -- 
 
Section 17.2: Utilities 
 The yearly utility requirements and associated costs were calculated using the 
corresponding flow rates and prices required to meet those demands. The amount of each utility 
required was normalized per lb of MEG product produced to simplify calculations. The most costly 
utility by far in the analysis is chilled water at $57.7 MM per year. This unreasonable operating 
cost is caused by the absorbent water that is recycled to the absorber (A-205). The scale of utilities 
required to chill the recycle dominates the overall operating costs because 0.46 MM gal/hr of water 
are fed to the absorber at 41°F for the separation to be successful. Even after integrating the utilities 
of the stream, 1.16 MM gal/hr of chilled water is necessary to meet the inlet temperature 
requirement.  
The next most prominent costs are high pressure (450 psig) and low pressure (50 psig) 
steams, costing $27.6 MM and $19.1 MM per year, respectively. The process has many units which 
201
  
require high temperatures operations, including the reactors and reboilers for the distillation 
columns. In particular, the molecular sieves bed to dry ethanol and the distillations to purify the 
final MEG product occur at high temperatures, thus explaining the large demand for high pressure 
steam. Not as much medium pressure (150 psig) steam is required because the heat integration was 
able to significantly reduce the demand. Many units operate between 243°F and 321°F, thus 
substituting the need for medium pressure steam. The yearly demand of each utility along with the 
annual operating cost are presented in Table 17.3. Although it may prove to be less profitable, 
further exploration of sustainably sourcing the utilities would add to the “green value” of the 
product and potentially justify a higher premium for the Green Glycol. A sensitivity analysis on 
the required premium is further discussed in Section 18.1. 
 
Table 17.3. Demand and Cost of Utilities for the Green Glycol Process 
Utility Ratio Required 
(per lb of MEG) 
Unit Cost Annual 
Demand 
Annual 
Cost 
High Pressure Steam 
(450 psig) 6.40 lb $0.008/lb 3450 MM lb $27.6 MM 
Medium Pressure 
Steam (150 psig) 2.31 lb $0.007/lb 1240 MM lb $8.1 MM 
Low Pressure Steam 
(50 psig) 5.89 lb $0.006/lb 3180 MM lb $19.1 MM 
Cooling Water 71.35 gal $0.0001/gal 38,500 MM gal $4.53 MM 
Chilled Water 18.49 gal $0.0057/gal 10,200 MM gal $57.7 MM 
Electricity 0.330 kWh $0.070/kWh 633 MM MWh $5.06 MM 
Process Water 0.42 gal $0.0008/gal 2240 MM gal $1.80 MM 
Wastewater Treatment 0.02 lb $0.15/lb 13.2 MM lb $1.98 MM 
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Part of the analysis to lower the utility costs involved splitting up the heat transfer fluid so 
the more expensive materials would be used less. For instance, streams were cooled with cooling 
water before chilled water to reduce the overall cost of cooling. A concern with this methodology 
to reduce costs was decreasing the LMTD too significantly, which would increase the overall size 
of the heat exchangers. However, heat exchanger design (sample calculation shown in Appendix 
ABC) enabled for the proper balance between reducing utility requirements and minimizing capital 
costs. Splitting up the cooling water and chilled water into two exchangers yielded additional 
savings of $27.8 MM per year in operating costs. This integration was not successfully 
accomplished for the various types of steam, as there was a smaller temperature range for each 
type of steam, and the heat exchanger areas became too large to be economically feasible. 
Additionally, as discussed in Section 12.2.1, the addition of heat integration reduced the amount 
of utilities required across the plant. Although only neighboring units would be able to become 
integrated, there was still a significant decrease of $78 MM per year in operating costs from this 
analysis.  
 
Section 17.2.1: Turbines  
 The Green Glycol process is pressure-driven to direct the stream flows, leaving many 
opportunities to release pressure via turbines and transform the work done into an electrical supply 
for the other units. For instance, large opportunities result from the ethylene oxide distillation 
column (D-211) being operated at 44.1 psig, where both the vapor distillate and liquid bottoms 
will need to be only slightly above atmospheric pressure in the subsequent units. The vapor 
distillate will be recycled back to the reactor operated at 0 psig, so the extra pressure is more than 
enough to overcome the pressure drops through the piping to the reactor. The liquid distillate will 
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undergo the azeotropic separation (D-302) at 0 psig to recycle ethanol back to the reactor and 
recycle water back to the absorber. The drying of ethanol in the molecular sieve bottles (D-305) 
also occurs at a high pressure of 60 psig, making the dried ethanol stream another opportunity to 
recover work. Finally, the reactions to produce ethylene glycol from ethylene oxide occur at 132.3 
psig, and the jump from the high pressure reactors (R-403 and R-404) to multi-effect evaporation 
under vacuum conditions would also theoretically produce a sufficient amount of power.  
 When modeling the turbine units in Aspen, the resulting calculations showed that the 
capital costs of the turbines could not be justified. The most significant recovery was the ethanol 
recycle stream that would have recovered 170 hp of power, which only accounts for 0.6% of the 
total electrical energy required for the plant. The turbine would have been ideal to keep ethanol in 
the vapor phase in preparation for the first reactor (R-105), as the reaction occurs in the gaseous 
phase. However, the $77.6M/year in savings for this turbine did not validate the $252.7M capital 
cost for the turbine (plus extra for spare parts). This would have amounted to a payback period of 
3.25 years, which is insufficient from a profitability standpoint. Nevertheless, the incorporation of 
these turbines would improve the “green” value of the plant by using less outside energy and 
further justify the green premiums discussed in Section 18.1. The results of each turbine are shown 
in Table 17.4. 
 
 
 
 
 
 
204
  
Table 17.4. Summary of Potential Benefits and Costs from Incorporating Turbines 
Location Inlet 
Pressure 
(psig) 
Outlet 
Pressure 
(psig) 
Recovered 
Power (hp) 
Annual 
Savings 
Equipment 
Cost 
To Azeotropic 
Distillation 48.5 4.4 149 $68.2M/year $234.8M 
To Gas Recycle 39.7 13.2 74 $34.8M/year $157.4M 
To Ethanol Recycle 55.8 4.4 170 $77.6M/year $252.7M 
To MEE 133.3 0 69 $31.6M/year $151.4M 
 
 
Section 17.3: Variable Costs and Working Capital  
 Table 17.5 and Table 17.6 show the summaries of the Working Capital and Variable Costs 
for the Green Glycol process, respectively. The values account for any of the changes made in the 
profitability spreadsheet discussed throughout Section 16. The total capital investment is $236 
MM, and the total variable cost is $246 MM for the plant operation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
205
  
Table 17.5. Summary of Working Capital for the Green Glycol Process 
Working Capital    
     
  2020 2021 2022 
Accounts Receivable $11,179,762 $5,589,881 $5,589,881 
Cash Reserves $5,488,261 $2,744,131 $2,744,131 
Accounts Payable -$7,820,817 -$3,910,409 -$3,910,409 
MEG Inventory $11,179,762 $5,589,881 $5,589,881 
Raw Materials $552,915 $276,457 $276,457 
Total  $20,579,883 $10,289,942 $10,289,942 
     
Present Value at 15% $17,895,551 $7,780,674 $6,765,804 
     
Total Capital Investment $235,935,085  
 
 
Table 17.6. Summary of Variable Costs for the Green Glycol Process 
Variable Cost Summary     
 Variable Costs at 100% Capacity:    
       
 General Expenses     
  Selling / Transfer Expenses:  $9,068,029 
  Direct Research:   $14,508,847 
  Allocated Research:   $1,511,338 
  Administrative Expense:   $6,045,353 
  Management Incentive Compensation:  $3,778,346 
       
 Total General Expenses    $34,911,913 
       
 Raw Materials $0.18 per lb of MEG $89,695,088 
 Byproducts $0.00 per lb of MEG -$157,940 
 Utilities  $0.25 per lb of MEG $121,756,639 
       
 Total Variable Costs    $246,205,700 
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Section 18 
Profitability Analysis 
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Section 18.1. Analysis of Two Business Cases 
 According to ICIS, the selling price of fiber-grade ethylene glycol is $0.62-$0.64/lb.15 The 
selling price was conservatively set at $0.62/lb to assess the profitability. However, there is a 
projected $0.01/lb increase within the next five years,26 so the selling price was manually inputted 
into the Profitability Spreadsheet as $0.63/lb starting in 2025. Unassisted by a premium, the 
process is not profitable as expected. The IRR is 4.96%, the NPV is -98.9 MM, and the ROI is 
2.38%. Table 18.1 summarizes the main profitability metrics for the base case.  
Table 18.1. Summary of Profitability Measurements for the Base Case Analysis 
Profitability Measure Amount 
 
IRR & ROI (%) 
Profit ($) 
IRR 4.96% 
NPV in 2019 (98.9) MM 
ROI Analysis 
(Third Production Year) 
 
Annual Sales 272 MM 
Annual Costs (248) MM 
Depreciation (16.3) MM 
Income Tax (1.74) MM 
Net Earnings 5.81 MM 
Total Capital Investment 245 MM 
ROI 2.38% 
 
 
The main factor in the economic unattractiveness of this process is the high flow rates of 
materials, thus incurring both high operating costs and expensive capital costs due to the large 
sizes of equipment. An important consideration is that the 2017 tax policy change reduced the 
income tax rate to 23%, improving the profitability of the Green Glycol process during the time of 
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this analysis. The IRR and ROI would decrease by approximately half a percentage if the tax rate 
was still 37%.  
The profitability of the proposed process design and product yield for the Green Glycol 
process is evaluated under two cases. A method to increase profits while promoting the benefits 
of the sustainable product is to arrange an agreement with the customers on a possible premium 
on the ethylene glycol selling price to yield a 15% investor’s rate of return. Alternatively, a 
government subsidy on purchased fuel-grade ethanol would also increase the profitability of the 
designed plant due to the positive externality.  
 
Section 18.1.1: Green Premium 
 The Green Glycol process would reduce the environmental impact of ethylene glycol 
production by using ethanol, a renewable raw material, instead of ethylene, the raw material of the 
conventional ethylene glycol production process. Therefore, the business case where a green 
pricing premium could be levied on the Green Glycol was fully examined. A sensitivity analysis 
determined that a premium of $0.09/lb EG yields an ROI of 13.0% and IRR of 15.9%, achieving 
the desired >15% IRR profitability metric. This is a 15.5% increase from the selling price of fiber-
grade ethylene glycol, $0.62/lb. Figures 18.1 and 18.2 shows that both the IRR and ROI of the 
Green Glycol process increase with the price premium on ethylene glycol. The green points on the 
graphs indicate the premium values which achieve 15% IRR.  
 According to a McKinsey survey, 70% of consumers said they would pay a 10% premium 
to purchase a green product.25 A different survey conducted internationally claims that 68% of 
consumers would be willing to pay up to a 20% premium on sustainably-sourced materials.26 
Based on these statistics, the green monoethylene glycol product is likely to be competitive in the 
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current market. The general recommendation is to proceed with the design outlined in this report 
provided there is a 14.5% green premium on the selling price of MEG.  
Table 18.2. Summary of Profitability Measurements for Ethylene Glycol Green Premium 
Profitability Measure Amount 
 
IRR & ROI (%) 
Profit ($) 
IRR 15.89% 
NPV in 2019 10.0 MM 
ROI Analysis 
(Third Production Year) 
 
Annual Sales 312 MM 
Annual Costs (253) MM 
Depreciation (16.3) MM 
Income Tax (9.77) MM 
Net Earnings 32.71 MM 
Total Capital Investment 251 MM 
ROI 13.02% 
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Figure 18.1. Sensitivity of IRR versus Premium on EG Price 
 
 
 
 
 
 
Figure 18.2. Sensitivity of ROI versus Premium on EG Price 
 
211
  
Section 18.1.2: Government Subsidy for Purchase of Ethanol Raw Material 
 The profitability of the Green Glycol process could also be improved by a government 
subsidy on the purchase cost of ethanol. Figures 18.3 and 18.4 show the IRR and ROI results for 
a range of ethanol market prices (shown in black), as well as the necessary ethanol subsidy required 
to achieve profitability (shown in green). Table 18.3 summarizes the profitability metrics for the 
necessary government subsidy of 38.06% on the current price of fuel-grade ethanol. These 
conditions would yield an IRR of approximately 15%, a NPV of $586,800, and ROI of 11.36%.  
The required subsidy would decrease the purchase cost of ethanol to maximum $0.98, but 
market analysis trends suggest that the price of ethanol will only fluctuate between $1.5/ gal and 
$1.2/gal in the foreseeable future. Even with the additional $0.10/gal discount from being located 
next to an ethanol plant, the required subsidy is too steep to be fully responsible for making the 
Green Glycol process economically feasible. The market price would have to be no greater than 
$0.83/gal to make the raw material feed priced at $0.73/gal. Thus, the necessary price change in 
ethanol demonstrates that the subsidy needed is unreasonable.  
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Table 18.3. Summary of Profitability Measurements for Ethanol Subsidy 
 
Profitability Measure Amount 
 
IRR & ROI (%) 
Profit ($) 
IRR 15.05% 
NPV in 2019 600,000 MM 
ROI Analysis 
(Third Production Year) 
 
Annual Sales 272. MM 
Annual Costs (219) MM 
Depreciation (16.3) MM 
Income Tax (8.38) MM 
Net Earnings 28.01 MM 
Total Capital Investment 247 MM 
ROI 11.36% 
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Figure 18.3. Sensitivity on IRR versus Government Subsidy for Ethanol Raw Material 
 
 
 
 
  
Figure 18.4. Sensitivity on ROI versus Government Subsidy for Ethanol Raw Material 
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Section 18.2: Carbon Dioxide Effects on Profitability 
The second half of the plant, Areas 400-600 (Reaction 2 synthesis and separations), does 
not require a significant amount of cooling or heating.  A multi-effect evaporation system is 
established to recycle large amounts of process water, which minimizes the overall operating costs. 
The benefits of saving on utilities through multi-effect evaporation outweigh the added capital cost 
from running the flash drums in vacuum conditions, which increases the thickness of the units.  
Thus, the specifications within the first half of the plant, Areas 100-300 (Reaction 1 synthesis and 
separations), must be most heavily affecting the profitability of the overall Green Glycol process.  
The expenses begin compounding upon introducing the large volume of an inert diluent, 
required by the provided research because Reaction 1 is to occur in the gaseous state with only a 
5 v/v% concentration of oxygen (to prevent coking on the catalyst). The substantial balance of 
diluent present throughout the first half of the process led to unreasonably large equipment with 
hefty capital costs. Additionally, the presence of carbon dioxide limited the effectiveness of the 
absorber’s ability to selectively transfer the ethylene oxide into the aqueous phase without also 
introducing CO2 into the solution, ultimately required millions of pounds per hour of process water 
to be fed into the absorber at the chilled temperature of 41°F.  Recycling this magnitude of water 
required the streams to be split multiple times to get pumped and cooled before entering the 
absorber, which contributed to immense flow rates of pricey chilled water and unreasonably large 
heat exchanger areas.  
The effects of the large carbon dioxide diluent on profitability were tested by evaluating 
another extreme: modeling the process assuming a gaseous diluent was not required. From an 
economic standpoint, this would make the process much more feasible and sustainable. The change 
from operating R-105 at approximately 90% carbon dioxide (~5% ethanol and ~5% oxygen with 
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trace amounts of recycled byproducts) to 0% carbon dioxide (~50% ethanol and ~50% oxygen 
with trace amounts of recycled byproducts) significantly reduces the equipment sizes, the power 
needed for the compressors, the amount of process water essential for separations, and the cooling 
required for the recycle loop. The streams also had more manageable flow rates and did not need 
to be split, which saves on the capital costs of having triplicate units.  
The drastic change increased the IRR of the modified Green Glycol process from 4.96% to 
30.5%, and increased the ROI from 2.38% to 29.0%. The process was initially unprofitable with 
an NPV of -$98.9 MM, but the adjustment led to a profitable process with an NPV of $123.2 MM. 
The adjusted plant would break even in 2026 (the fourth year of operating at 90% capacity). The 
increased attractiveness of the process can be attributed to a 44.3% decrease in the equipment costs 
and a 31.6% decrease in the cost of utilities. Table 18.4 summarizes the significant cost changes 
between the original and the adjusted Green Glycol process. Although all of the utilities, recycle 
streams, and equipment were adjusted accordingly in the profitability analysis, only the major 
changes are individually noted in the table.  
 
Table 18.4. Summary of Key Parameter Cost Changes 
 
 90% CO2 Diluent 0% CO2 Diluent % Change 
CAPEX: 
Equipment 
Overall $139.0 MM $78.0 MM (44.2%) 
A-205 $22.7 MM $0.9 MM (96.0%) 
E-309-B (x3) $5.3 MM ($15.9 MM) $0.9 MM (N/A) (93.8%) 
D-211 $8.4 MM $1.0 MM (88.1%) 
R-105 $7.3 MM $3.0 MM (58.9%) 
OPEX: 
Utilities 
Overall $121.8 MM $83.2 MM (31.6%) 
Chilled Water $57.7 MM $8.3 MM (85.7%) 
LP Steam $19.1 MM $39.3 MM 105.9% 
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Extrapolating the results from the comparison of the two processes suggests that there is a 
maximum threshold of carbon dioxide diluent that causes the process to be unprofitable. Research 
on the chemistry of Reaction 1 should be continued to determine whether lower CO2 feed 
concentrations could maintain catalyst performance and safety considerations. This factor overall 
relates to the first reaction occurring in the gaseous phase; further research on the chemistry of 
Reaction 1 to potentially operate in the liquid phase (i.e. oxygen bubbled through liquid ethanol in 
the presence of a catalyst) would also make the Green Glycol process more appealing to investors.  
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The current plant design for producing the sustainable monoethylene glycol product should 
not be pursued from an economic standpoint. A green premium of 14.5% on the monoethylene 
glycol’s market price is required for an investor to secure a 15% rate of return. The demand for 
sustainable products is very mercurial given the constantly changing nature of the green market, 
which may justify revisiting the project in the future. However, moving forward with the process 
design should involve a strong focus on further researching the chemistry behind the reactions to 
accomodate for scaling up to industry standard.  
The assumptions made throughout the process design in this report must be further 
explored before fully evaluating the success of the Green Glycol process. Based on the chemistry 
data available, there were limitations in properly modeling the kinetic and thermodynamic 
properties of the catalytic mechanism to oxidize ethanol into ethylene oxide. Additionally, there 
were very few publications that investigate similar chemistries for green pathways of producing 
ethylene oxide in one-step. Further research and additional laboratory experiments should 
investigate and reproduce the catalysis work on a large-scale to verify the behavior of the reactions 
at the tested conditions. Detailed data would augment the Aspen models to facilitate the 
identification of economic bottlenecks for a more comprehensive evaluation of the process.  
The plant design outlined in this report to produce Green Glycol is limited by the chemistry 
of the Leiden Research publication and the few similar sources. The largest inhibitor to the 
profitability of the process is the requirement for Reaction 1 to occur in the gaseous state with only 
a 5 v/v% concentration of oxygen, thus requiring an inert diluent to account for the substantial 
balance. The key inhibitions with this specification was that the equipment was unreasonably large 
with tremendous capital costs and prompted for substantial flow rates of chilled process water to 
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be used. These factors compounded to yield large capital and operating expenses, thus hindering 
the profitability of the green product.  
The lack of published research also led to the assumptions that substantially impacted the 
overall process design. The effect of recycle streams on the equilibrium kinetics were unknown 
but should be further considered. According to Le Chatelier's Principle, the presence of recycled 
carbon dioxide may suppress byproduct formation, thus affecting the necessary purge rates. 
Additionally, carbon dioxide was proposed to be an acceptable diluent and ethanol was dried 
before recycling back to Reaction 1. Kinetic and thermodynamic data on the influence of these 
species would improve understanding of the chemistry and may change the various separation 
methods modeled throughout this report. For instance, a less rigorous ethanol recycle purification 
may be acceptable, thus reducing the overall costs of separations.  Using less diluent CO2 would 
decrease stream volumes and utilities requirements, ultimately improving profitability. 
The analyzed plant design in this report to produce Green Glycol is not recommended to 
be pursued without a 14.5% premium over the monoethylene market price. Research has shown 
that such a premium would still capture the interest from approximately 68% of buyers. However, 
this investigation did not delve into the specific degree to which the green monoethylene glycol 
can penetrate the markets. Consumers in the textiles and packaging industry especially are moving 
towards a mindset geared for sustainable products, and business strategies have been developing 
to incorporate this trend. Thus, this process may one day prove to be profitable, as well as feasible 
and sustainable. 
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1 
Suggested Design Projects – 2018-2019 
 
 
1. Green Glycol: A Novel 2-step Process 
 (Recommended by Gary Sawyer, CDI Corporation) 
 
Ethylene glycol (EG) is an important industrial material, with its largest use as a component (27% by 
weight) in a 28 million ton/yr polyethylene terephthalate (PET) market1.  Conventional production of 
ethylene glycol uses ethylene from fossil fuels to make ethylene oxide, which is then hydrolyzed to 
ethylene glycol. 
 
PET made at least partly from renewable resources has been of interest for some time.  Coca-Cola 
introduced its fully recyclable PlantBottle® using EG from ethanol2.  Using conventional, available 
technology, ethanol is first dehydrated to make ethylene, which is then separately oxidized to ethylene 
oxide.   
 
Researchers at Leiden University have investigated catalysts that can directly produce ethylene oxide in 
one step from ethanol3.  The ethylene oxide is then reacted with water to make ethylene glycol and higher 
adducts (di- and tri-ethylene glycol).  Uncatalyzed reaction rates are available4. 
 
Your project is to design a plant to produce 200,000 metric tons per year of ethylene glycol - roughly half 
a world-scale conventional EG plant – based on the catalysis work done at Leiden University.  You will 
need to select from their work the conditions you conclude will give the best design.  Important 
considerations in your design and report will include: 
 
• A discussion of why you chose the particular catalyst and operating conditions in the Leiden 
work. 
• The design must account for any non-selective products made from ethanol conversion, such as 
diethyl ether or carbon dioxide.   
• The raw material is fuel grade ethanol5.  Account for any impurities such as water and methanol.  
Consideration should be given to their removal upstream of the conversion reactor. 
• The product ethylene glycol must meet Fiber Grade (a.k.a. Polyester Grade) specifications6 
• The ratio of water to ethylene oxide (EO) will impact the ratio of product glycols (mono-, di-, and 
tri-).  All are saleable, but the markets are small for the di- and tri- ethylene glycols.  You must 
select a design ratio of water to EO and discuss why.  A typical EG unit may look to market 10% 
of its output as di- and tri-. 
• Unreacted water from the EO hydrolysis is distilled and recycled.  To save energy, this can be 
done with multiple effect evaporators, each at a different design pressure, so that the condenser 
from one provides heat to the reboiler in another.  You must decide on the number of evaporator 
stages, but typically 2 or 3 are economical. 
• Determine the selling price of “green glycol” EG that provides a 15% internal rate of return (IRR) 
on the plant investment, based on fuel ethanol prices7. 
 
 
 
229
 
 
 
 
 
 
 
 
 
Section 22.2 
Provided Research  
230
6
Direct conversion of ethanol into ethylene
oxide on gold based catalysts
Results are presented concerning the behavior of alumina supported gold
catalysts and the effects of addition of Li2O and CeOx on the oxidation,
dehydrogenation and dehydration reactions of ethanol. Pure alumina
mainly acts as an acidic catalyst and produces diethyl ether and ethyl-
ene. Gold particles play an important role in converting ethanol into
ethylene oxide and acetaldehyde. Addition of Li2O influences the selectiv-
ity by suppressing the formation of diethyl ether and ethylene. With the
Au/Li2O/Al2O3 catalysts a high selectivity toward ethylene oxide can be
obtained. The influence of the oxygen concentration in the gas flow is in-
vestigated. It is suggested that at low concentrations the role of oxygen is
mainly to prevent coke formation on the catalytic surface.
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6.1 Introduction
Due to the diminishing availability and the high prices of crude oil and natural gas
much attention is paid to the use of alternative resources. Ethanol is receiving much
interest since it has a reasonably high hydrogen content and it can be produced by
the fermentation of corn and other renewable resources. One of the possible op-
tions is the production of hydrogen by partial oxidation or steam reforming [1]. In
addition, selective oxidation of ethanol may also be important for the synthesis of
chemical intermediates in the manufacture of high-tonnage commodities [?, 2]. Eth-
anol can be converted to e.g. acetaldehyde, ethylene, ethyl acetate, ethane, carbon
monoxide/hydrogen and as this paper will show, ethylene oxide, in addition to its
total oxidation products carbon dioxide and water. Ethanol is commercially used for
ethylene oxide production in a two step reaction by the Chemtex corporation. First
ethanol is converted to ethylene after which the ethylene is oxidized with O2 over a
silver based catalyst. This paper reportrs a direct, one step, conversion of ethanol into
ethylene oxide.
Ethanol is also a simple probe molecule for the investigation of surface reactions
on metals [1, 3, 4] and oxides [5, 6]. On most surfaces the ethanol molecules first
dissociate to ethoxy species. These ethoxy species are further oxidized to acetalde-
hyde or dehydrated to ethylene. On metal surfaces acetaldehyde either desorbs or
decomposes to CO and methane [7]. In addtion, coupling and bimolecular hydrogen-
ation reactions may occur resulting in the production of higher hydrocarbons such as
diethyl ether, ethyl acetate, acetic acid or ketene [?, 8,9].
Highly dispersed gold on metal oxides supports exhibits an extraordinarily high
activity in various low-temperature oxidation reactions [10–16]. The gold particle
size is of huge importance for high oxidation activity. This motivated us to investigate
the reactions of various alcohols on γ-Al2O3 supported gold catalysts. In a recent
publication results have been presented of non-oxidative ethanol dehydrogenation of
ethanol on silica supported gold catalysts [17]. It was shown that the gold particle
size affects the activity just as was reported for oxidation reactions. This effect of
particle size was attributed to the role of step sites on the gold surface. Previously
reported results show that ceria has a promoting effect on the activity of Au/Al2O3
in CO and other oxidation reactions [15, 18]. It was argued that the active oxygen
was supplied by the ceria. In addition, it was reported that the size of the ceria
particles has a great influence on the activity of the catalyst [19]. A detailed study of
Gluhoi et al. [20,21] on the effects of addition of (earth) alkali metals to a Au/Al2O3
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catalyst revealed that the main role of the (earth) alkali metals is to stabilize the gold
nanoparticles. Hence, the alkali metal acts as a structural promoter. The oxidative
dehydrogenation of ethanol to acetaldehyde is known to be catalyzed by materials
possessing strong base sites such as Li2O [22].
In this study we investigated the behavior of Au/Al2O3 catalysts in the dehydro-
genation, dehydration and oxidation reactions of ethanol. In addition, the promoting
effects of Li2O and CeOx have been investigated. CeOx is an active oxide for the oxid-
ation of CO to CO2 and for making H2 from ethanol by reforming [23]. Earlier work
concerning the oxidation of methanol revealed that addition of Li2O has a great effect
on the acidic sites of γ-Al2O3 and so influences the selectivity to products which are
not formed on these acidic sites [24]. Similar results have been found for copper and
silver based catalysts [?, 25].
6.2 Experimental
6.2.1 Catalyst preparation
Mixed oxides of ceria (denoted as CeOx) and Li2O on alumina were prepared by pore
volume impregnation of γ-Al2O3 (BASF, de Meern) with the corresponding nitrates.
After calcination at 350◦C these oxides were used as support for the Au particles.
The prepared mixed oxides had an intended Ce/Al and Li/Al ratio of 1/15. The
gold catalysts were prepared via homogeneous deposition precipitation using urea
as precipitating agent. The appropriate amount of HAuCl4.3aq (99.999% Aldrich
chemicals) was added to a suspension of purified water containing γ-Al2O3 or the
mixed oxide. The intended M/Al ratio was 1/75 (M= Au). This ratio of 1:75 is
equal to 0.53at% M and results in 5wt% for gold. The temperature was kept at 80
◦C allowing urea (p.a.,Acros) to decompose ensuring a slow increase of pH. When a
pH of around 8-8.5 was reached the slurry was filtrated and washed thoroughly with
water and dried overnight at 80 ◦C. The catalysts were thoroughly ground to ensure
that the macroscopic particle size was around 200µm for all the catalysts used in this
study.
6.2.2 Catalyst characterization
The metal loading was verified by Inductively Coupled Plasma Optical Emission Spec-
troscopy (ICP-OES) using a Varian Vista-MPX. For that purpose a small fraction of the
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catalyst was dissolved in diluted aqua regia. X-ray diffraction measurements were
done using a Philips Goniometer PW 1050/25 diffractometer equipped with a PW Cu
2103/00 X-ray tube operating at 50kV an 40mA. The average particle size was estim-
ated from XRD line broadening after subtraction of the signal from the corresponding
support by using the Scherrer equation [26].
6.2.3 Activity measurements
Activity tests of the catalysts were performed in a micro reactor system. A oxygen
flow balanced in argon was bubbled through a vessel containing absolute ethanol.
This gas flow was led to a lab scale flow reactor made from quartz with a internal
diameter of 1 cm. In the reactor the catalyst was placed on a quartz bed. The amount
of catalyst used was 0.2g for the Au/γ-Al2O3 catalysts. For catalysts containing CeOx
and/or Li2O the amount of catalyst was adjusted in such a way that the amount of
gold was similar for all the catalysts with and without additives. Prior to activity
experiments the catalysts were reduced with H2 (4 vol% in Ar) at 400 ◦C for 2 hours.
Two different ratios of oxygen/ethanol were used for the oxidation of ethanol:
1:1, and one with excess oxygen (6:1). For the decomposition reaction a argon
flow was bubbled through the vessel. Typically, a total gas flow of 40ml−1(GHSV
≈ 2500h−1)was maintained. The effluent stream was analyzed on-line by a gas chro-
matograph (HP 8590) with a CTR1 column (Alltech) containing a porous polymer
mixture, an activated molecular sieve and a Hayesep Q column (Alltech). All possible
reaction products were calibrated by injecting a dilute solution directly into the GC
or in case of gases as ethylene and ethylene oxide the gas flow from lecture bottles
was diluted with argon and led to the GC. Mass spectrometry confirmed that the
analysis of the reaction products by gas chromatography was correct. To distinguish
the different components the relative intensity ratios of masses 15,29,43,44,45 were
used.
The experiments were carried out at atmospheric pressure. Each reaction test
consisted of at least two heating-cooling cycles from room temperature up to 400◦C,
with a rate of 2◦C/min in order to monitor possible catalyst deactivation and hyster-
esis processes.
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6.3 Results
6.3.1 Characterization
The average gold particle size of the fresh catalysts could not be determined by XRD
because the size of the particles was below the detection limit of 3nm. The results of
the characterization of the catalysts after the reaction (CO oxidation) are shown in
table 6.1. The catalysts without additives contain small particles of 3-4nm. With
ceria and Li2O added the average particle size is lower than the detection limit.
HRTEM data of comparable catalysts have been published in earlier papers of our
group [20, 21]. The actual metal loading was almost equal to the intended metal
loading. In addition, we have checked the catalysts for the Li and Ce contents with
ICP-OES. These measurements showed that the appropriate amount of Li and/or Ce
was deposited on the catalysts.
6.3.2 Activity of catalyst supports without gold particles
In table 6.2 the results of the supports without gold, in the dehydrogenation of eth-
anol in the absence of oxygen are presented. The most active support is γ-Al2O3
without additive. The main products are the dehydration products diethyl ether and
ethylene. Also some trace amounts of acetaldehyde are found at temperatures up
to 300◦C. Addition of ceria to the γ-Al2O3 results in formation of CO at temperat-
ures above 300◦C, at the expense of diethyl ether and ethylene. Addition of Li2O to
the alumina catalysts lowers the ethanol conversion compared to the γ-Al2O3 only
catalyst. Addition of Li2O results in a higher selectivity towards ethylene. No acetal-
dehyde is found. The catalyst which contains both Li2O and CeOx show a behavior
with the typical characteristics of both Li2O/Al2O3 and CeOx/Al2O3 catalysts.
Table 6.1: Catalyst characterization by ICP and XRD
Catalyst Metal loading Average particle size
(wt%) (nm)
Au/Al2O3 4.6±0.1 4.3±0.1
Au/CeOx/Al2O3 4.1±0.1 <3.0
Au/Li2O/Al2O3 4.5±0.3 3.2±0.1
Au/CeOx/Li2O/Al2O3 4.0±0.2 <3.0
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Table 6.2: conversion and selectivities of ethanol dehydrogenation on the used sup-
ports. TC = total conversion(%), S1 = selectivity toward diethyl ether, S2 = selectivity
toward ethylene, S3 = selectivity toward CO
Catalyst Temperature (◦C) TC S1 S2 S3
Al2O3 200 38 92 8 0
250 70 86 14 0
300 100 30 70 0
400 100 0 100 0
CeOx/Al2O3 200 5 80 20 0
250 30 13 84 3
300 100 3 69 28
400 100 0 64 36
Li2O/Al2O3 200 0 0 0 0
250 31 84 16 0
300 72 69 31 0
350 90 67 33 0
400 100 50 50 0
Li2O/CeOx/Al2O3 200 10 80 20 0
250 37 81 19 0
300 100 45 50 5
400 100 34 58 8
In addition, measurements have been performed for an ethanol/O2 mixture of
1 . For the Al2O3 and Li2O/Al2O3 catalysts there were no significant differences in
activity and selectivity compared to the measurements without oxygen. On the CeOx
containing catalyst some increase in CO formation is recorded, up to 50% selectivity
for the CeOx/Al2O3 catalyst and 21% selectivity for the Li2O/CeOx/Al2O3 catalyst.
6.3.3 Ethanol dehydrogenation reaction in the absence of O2 over
the gold based catalysts
In the dehydrogenation of ethanol in the absence of O2 over the Au-based catalyst
there is a significant difference between the first heating stage and the following
cycles, which in the figures are represented by the first cooling stage. The results
of the 2nd and further heating/cooling stages resemble that of the 1st cooling stage,
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Figure 6.1: Ethanol conversion vs temperature in the absence of oxygen. First heating
stage(closed symbols), cooling stage(open symbols). ◦ Au/Al2O3, ♦ Au/Li2O/Al2O3,
 Au/CeOx/Al2O3 and 4 Au/Li2O/CeOx/Al2O3
which is depicted in the figures shown. The ethanol conversion as a function of
reaction temperature is presented in figure 6.1. In the first heating stage (closed
symbols) the ethanol conversion starts at 150-200 ◦C, the Au/Al2O3 catalyst being
the most active and the Au/CeOx/Al2O3 the least active catalyst with a onset tem-
perature of 250 ◦C. However, in the first cooling stage and the following cycles(open
symbols) the behavior is different. The catalyst which shows the largest difference is
the Au/CeOx/Al2O3 catalyst, with a temperature of 50% conversion of 130 ◦C com-
pared to 300 ◦C in the first heating stage. The performance of the other catalysts are
similar to the first heating stage.
The product selectivities are presented in figures 6.2,6.3,6.4,6.5. The detected
products were ethylene, acetaldehyde, diethyl ether, hydrogen and ethylene oxide.
No CO2, H2O and CO were detected. Only in the first heating stage ethylene oxide is
produced, see figure 6.2. Selectivities up to 50% to ethylene oxide were obtained at
300 ◦C for the Li2O containing catalysts. The Au/Al2O3 and Au/CeOx/Al2O3 catalyst
produced ethylene oxide at lower temperatures around 250◦C but only with low se-
lectivity. In the following cooling and heating stages no ethylene oxide was produced.
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Figure 6.2: Ethylene oxide selectivity vs temperature in the absence of oxygen. First
heating stage. • Au/Al2O3,  Au/Li2O/Al2O3,  Au/CeOx/Al2O3 and
N Au/Li2O/CeOx/Al2O3
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Figure 6.3: Ethylene selectivity vs temperature in the absence of oxygen. First heating
stage(closed symbols), cooling stage(open symbols). ◦ Au/Al2O3, ♦ Au/Li2O/Al2O3,
 Au/CeOx/Al2O3 and 4 Au/Li2O/CeOx/Al2O3
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Figure 6.4: Diethyl ether selectivity vs temperature in the absence of oxygen.
First heating stage(closed symbols), cooling stage(open symbols). ◦ Au/Al2O3, ♦
Au/Li2O/Al2O3,  Au/CeOx/Al2O3 and 4 Au/Li2O/CeOx/Al2O3
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Figure 6.5: Aldehyde selectivity vs temperature in an ethanol/O2 mixture of 1.
First heating stage(closed symbols), cooling stage(open symbols). ◦ Au/Al2O3, ♦
Au/Li2O/Al2O3,  Au/CeOx/Al2O3 and 4 Au/Li2O/CeOx/Al2O3
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Ethylene formation is presented in figure 6.3. In the first heating step the forma-
tion of ethylene starts at 320 ◦C. The selectivity increases to 100 %} at 400 ◦C on the
Au/Al2O3 and Au/CeOx/Al2O3 catalysts. On the Au/Li2O/Al2O3 catalyst the form-
ation starts at 350 ◦C and reached a maximum selectivity of 85 % at 400 ◦C. The
Au/Li2O/CeOx/Al2O3 catalyst shows the least ethylene formation. The formation of
ethylene starts at 350 ◦C and has a maximum selectivity of 45 % at 400 ◦C. In the
cooling step and the following cycles the ethylene formation already starts at the
lower temperatures of 200-250 ◦C, with the exception of the Au/Li2O/CeOx/Al2O3
catalyst which shows low selectivty to ethylene at higher temperatures.
The formation of acetaldehyde is shown in figure 6.5. In the first heating step
acetaldehyde formation starts at 160 ◦C on all catalysts except for the
Au/Li2O/CeOx/Al2O3 catalyst. On that catalyst acetaldehyde is not observed below
300 ◦C. At the same temperature the Au/Al2O3 and Au/Li2O/Al2O3 catalysts show
a second increase in acetaldehyde formation. This increase was not observed for
Au/CeOx/Al2O3 which has the lowest selectivity for acetaldehyde. In the cooling step
and following cycles only the Li2O containing catalysts show significant selectivities
to acetaldehyde at high temperatures.
On the Au/Al2O3 and Au/CeOx/Al2O3 only traces of acetaldehyde were detected.
In the first heating step there is a low selectivity to diethyl ether on the Au/Al2O3 and
Au/CeOx/Al2O3 catalysts between 200-300 ◦C as shown in figure 6.4. In the follow-
ing steps much higher selectivities were obtained. The Au/Al2O3 and Au/Li2O/Al2O3
showed maximum selectivity between 200-270 ◦C. The Au/Li2O/CeOx/Al2O3 cata-
lysts showed a maximum selectivity at 300 ◦C.
6.3.4 Ethanol oxidation in an ethanol/O2 mixture of 1.
The conversion of ethanol using an ethanol/O2 mixture of 1 is presented in figure
6.7. In the first heating step the reaction starts at higher temperatures compared to
the cooling step. In the subsequent cycles the behavior is rather similar to that of the
first cooling step. The conversion starts at 100 ◦C and reaches a maximum at about
275 ◦C. The Au/Li2O/Al2O3 shows the best activity. The oxygen conversion (shown
in figure 6.6) starts at higher temperatures compared to the ethanol conversion. The
addition of Li2O or CeOx lowers the temperature of oxygen uptake by 50 ◦C. The
oxygen conversion starts at 150 ◦C and reaches a maximum conversion at 250 ◦C
for the CeOx containing catalysts, and for Au/Al2O3 and Au/Li2O/Al2O3 the oxygen
conversion reaches maximum conversion at 350 ◦C.
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Figure 6.6: Oxygen conversion vs temperature in an ethanol/O2 mixture of 1.
First heating stage(closed symbols), cooling stage(open symbols). ◦ Au/Al2O3, ♦
Au/Li2O/Al2O3,  Au/CeOx/Al2O3 and 4 Au/Li2O/CeOx/Al2O3
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Figure 6.7: Ethanol conversion vs temperature in an ethanol/O2 mixture of 1.
First heating stage(closed symbols), cooling stage(open symbols). ◦ Au/Al2O3, ♦
Au/Li2O/Al2O3,  Au/CeOx/Al2O3 and 4 Au/Li2O/CeOx/Al2O3
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Figure 6.8: ethylene oxide selectivity vs temperature in an ethanol/O2 mixture of 1.
First cooling stage(open symbols). ◦ Au/Al2O3, ♦ Au/Li2O/Al2O3,  Au/CeOx/Al2O3
and 4 Au/Li2O/CeOx/Al2O3
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Figure 6.9: Diethyl ether selectivity vs temperature in an ethanol/O2 mixture of 1.
First cooling stage(open symbols). ◦ Au/Al2O3, ♦ Au/Li2O/Al2O3,  Au/CeOx/Al2O3
and 4 Au/Li2O/CeOx/Al2O3
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Figure 6.10: ethylene selectivity vs temperature in an ethanol/O2 mixture of 1.
First heating stage(closed symbols), cooling stage(open symbols). ◦ Au/Al2O3, ♦
Au/Li2O/Al2O3,  Au/CeOx/Al2O3 and 4 Au/Li2O/CeOx/Al2O3
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Figure 6.11: CO2 selectivity vs temperature in an ethanol/O2 mixture of 1. First
cooling stage(open symbols). ◦ Au/Al2O3, ♦ Au/Li2O/Al2O3,  Au/CeOx/Al2O3 and
4 Au/Li2O/CeOx/Al2O3
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At temperatures between 100 ◦C and 250◦C the main product is ethylene oxide,
as can be seen in figure 6.8. The catalyst with the best performance in ethylene oxide
formation is Au/Li2O/Al2O3. A selectivity to ethylene oxide of 88% is reached. With
this catalyst also traces of the combination product of ethylene oxide and ethanol
(ethoxy-ethanol) were detected. When the gas flow was bubbled through a diluted
NaOH solution glycol was produced, which is further evidence that the output gas
flow contained ethylene oxide. At temperatures between 250-400 ◦C diethylether
was formed over the two CeOx containing catalysts, as shown in figure 6.9. The
addition of ceria to the Au/Al2O3 catalyst also results in more ethane formation (not
shown). Also ethylene and CO2 and traces of CO were formed as shown in figures
6.10 and 6.11. Au/Al2O3 showed the highest selectivity to CO2 production and the
Au/CeOx/Al2O3 catalyst showed the highest selectivity to ethylene formation.
6.3.5 Ethanol oxidation in excess oxygen
The results of ethanol oxidation over Au/Al2O3 in excess oxygen (ethanol/O2 =1/6)
are presented in figures 6.12 and 6.13. Ethanol conversion starts from 150 ◦C and a
sharp increase in conversion is observed at 200 ◦C. At this temperature also the O2
conversion and the CO2 production start. At temperatures above 300 ◦C ethanol is
mainly ethanol oxidized to CO2. The ethylene oxide production can be assigned to
the activity of gold as the γ-Al2O3 support produces no ethylene oxide. Addition of
Li2O shown in figures 6.12 and 6.14 increases the ethanol conversion between 50
and 200 ◦C. The main product in this temperature region is ethylene oxide while no
oxygen is consumed. The oxygen conversion is similar to the Au/Al2O3 catalyst as is
the CO2 production.
In figures 6.12 and 6.15 the effect of addition of CeOx is shown. The onset of both
ethanol and oxygen conversion is shifted to 175 ◦C. CO2 production already starts
at 200 ◦C. At temperatures up to 250 ◦C the intermediate products ethylene oxide,
diethyl ether and ethylene are detected.
The results of addition of both Li2O and CeOx are presented in figures 6.12 and
6.16. The Au/Li2O/CeOx/Al2O3 catalyst shows an activity similar to the Au/Al2O3
catalyst when the ethanol and oxygen conversion are considered. The selectivity to
ethylene oxide is increased and similar to the
Au/Li2O/Al2O3 catalyst, but with a lower ethanol conversion. At temperatures above
350 ◦C some ethylene is formed.
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Figure 6.12: Ethanol conversion in excess oxygen. Ethanol conversion(closed sym-
bols) and oxygen conversion (open symbols) vs temperature, First cooling stage.
N Au/Al2O3, • Au/CeOx/Al2O3,  Au/Li2O/Al2O3 and
 Au/Li2O/CeOx/Al2O3
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Figure 6.13: Ethanol conversion in excess oxygen. Selectivity vs temperature on
Au/Al2O3 catalyst. First cooling stage
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Figure 6.14: Ethanol conversion in excess oxygen. Selectivity vs temperature on
Au/Li2O/Al2O3 catalyst. First cooling stage
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Figure 6.15: Ethanol conversion in with excess oxygen. Selectivity vs temperature on
Au/CeOx/Al2O3 catalyst. First cooling stage
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Figure 6.16: Ethanol conversion in excess oxygen. Selectivity vs temperature on
Au/Li2O/CeOx/Al2O3 catalyst. First cooling stage
6.4 Discussion
6.4.1 Activity and selectivity of Au/Al2O3
In agreement with literature data [27, 28] the Al2O3 support only converts ethanol
into diethyl ether and ethylene and a small amount of acetaldehyde. When gold is
added to the support, the Au/Al2O3 catalyst also produces ethylene oxide which is
not observed on the Al2O3 support. To our knowledge ethylene oxide production
from ethanol in a single reaction has not been reported earlier in the literature. Ap-
parently, the presence of gold nanoparticles is necessary for the formation of ethylene
oxide. At temperatures above 325 ◦C, the addition of gold enhances the formation
of acetaldehyde at the expense of ethylene but apparently, a second pathway via the
gold particles contributes at temperatures above 325 ◦C. In the cooling stage and
consecutive cycles no difference between Au/Al2O3 catalyst and the Al2O3 support is
observed. This can be explained by carbon deposition during the first heating stage,
which deactivates the active gold sites. Indications that carbon deposition is taking
place are the color change. The catalysts turns black after the first heating stage.
When this black catalyst is used in a temperature programmed oxidation experiment
with O2, CO2 is formed and the color is restored to the original purple color and also
247
106
the activity is restored. Similar results have been found for copper based catalysts [?].
The formation of diethyl-ether and ethylene is not affected by the carbon deposition.
The formation of these products is catalyzed by the acid sites of alumina [27], which
apparently are not affected by the carbon deposition. Addition of a small amount
of oxygen does not influence the onset temperature of the ethanol conversion, but
the oxygen prevents the carbon deposition as no deactivation is noticed in the ethyl-
ene oxide formation. The decrease of ethylene oxide at temperatures above 250◦C is
probably due to the further oxidation to CO2.
6.4.2 Addition of Li2O to the Au/Al2O3 catalyst
Addition of Li2O has indeed a significant effect on the selectivity in the dehydrogena-
tion of ethanol. The selectivity to ethylene oxide is increased, whereas the selectivities
to the acid-catalyzed products ethylene and diethyl ether are decreased. This can be
attributed to the absence of strong acidic sites on the Li2O/Al2O3. In the consecutive
cooling and heating steps on the Li2O containing catalyst there is still acetaldehyde
formation, although the temperature is shifted compared to the first heating step. As
the Li2O/Al2O3 only catalyst does not show any acetaldehyde formation, this activity
can be attributed to gold. Apparently as the formation of ethylene oxide is hindered
by carbon deposition on the active gold sites, a second type of active gold sites is still
active in acetaldehyde formation. This is in agreement with earlier findings that Li2O
acts as a structural promoter for the Au/Al2O3 catalyst [25, 29]. Addition of oxygen
prevents the blocking of the active sites by carbon deposition and enhances the se-
lectivity to ethylene oxide. Above 300◦C the ethylene oxide is further oxidized to CO2
and ethylene. The same is valid for the measurements with excess oxygen.
6.4.3 Addition of CeOx to the Au/Al2O3 catalyst
The addition of ceria has not a great influence on the catalyst activity in the first
heating step of the ethanol dehydrogenation. The temperature shift in diethyl ether
formation suggests that this reaction no longer takes place at the acid sites of the
alumina but on the ceria surface. In the consecutive cooling and heating stages the
addition of ceria results in a slight improvement of the activity. The CeOx cannot
prevent coke formation on the active gold sites. The addition of ceria improves the
oxygen conversion in the measurements with oxygen, whereas in the absence of oxy-
gen, the Au/CeOx/Al2O3 shows the worst acetaldehyde selectivity. Possibly, the ceria
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increases the acetaldehyde formation by providing oxygen to the ethoxy-species on
the gold, which is further oxidized to acetaldehyde. This also applies for the meas-
urements with excess oxygen where the CeOx containing catalyst shows the highest
oxygen conversion and CO2 formation from 200 ◦C.
6.4.4 Addition of both CeOx and Li2O
Addition of both CeOx and Li2O results in a typical behavior of a mixed catalyst.
By addition of Li2O the strong acid sites of Al2O3 are reduced, which explains the
low selectivity to ethylene shown in figure 6.3. The effect of CeOx is apparent in the
formation of the coupling product diethyl ether. In the measurements with oxygen the
Au/Li2O/CeOx/Al2O3 catalyst shows the lowest onset temperature, but the highest
temperature of 100% conversion. This also applies for the experiments with excess
oxygen where on this catalyst no maximum conversion is reached up to 400 ◦C.
6.4.5 Comparison of ethylene oxide formation with silver and
copper based catalysts
Recently, ethanol dehydrogenation and oxidation have been studied on copper and
silver based catalysts [25]. On the copper based catalysts formation of ethylene oxide
was found in the first heating stage in ethanol dehydrogenation. In the following
cooling stage much less ethylene oxide was formed, as also was observed for the gold
based catalyst. On the silver based catalysts no ethylene oxide was detected in the
ethanol dehydrogenation reaction. Measurements with an ethanol/O2 ratio of 1 show
ethylene oxide formation on all three metal based catalysts. In table 6.3 some results
of the catalysts with the best performance in ethylene oxide production are presented.
In all cases the best selectivity is achieved with the Li2O containing catalysts. The
Au/Li2O/Al2O3 catalysts show the highest ethanol conversion with good selectivity to
ethylene oxide at 200◦C. At temperatures of 300◦C the selectivity to ethylene oxide
is the highest on the Au/Li2O/Al2O3 catalyst. At higher temperatures the selectivity
to ethylene oxide drops on all catalysts but remains the highest for Ag/Li2O/Al2O3.
With all three metal based catalysts, the most promising results are found when
Li2O is added, suggesting that the role of Li2O is very important in the conversion
of ethanol into ethylene oxide. The copper and gold based catalysts show some sim-
ilarity in reactivity and selectivity. The gold based catalyst is the most selective to
ethylene oxide. Both show a maximum selectivity around 200◦C. At higher temperat-
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ures the selectivity decreases with increasing temperature, as ethylene, CO and CO2
are formed. The silver based catalyst also shows high selectivity to ethylene oxide
at 200◦C but at lower conversion than the gold based catalyst. At temperatures of
400◦C the selectivity to ethylene oxide remains at higher levels, less CO, ethylene and
no CO2 are formed. The silver based catalyst also differs from the copper and gold
based catalyst as in ethanol dehydrogenation no ethylene oxide is formed.
6.4.6 Role of gold, lithium, cerium and oxygen
The results presented do not result in a complete picture of the mechanism of
ethylene oxide formation from ethanol, but some annotations can be made. As ethyl-
ene oxide formation is only observed in the presence of gold-nanoparticles, it can
be concluded that the gold-particles contain active sites needed for the formation of
ethylene oxide. When an ethanol-only flow is used, these sites are deactivated by
carbon deposition. The selectivity then shifts to formation of acetaldehyde, which is
not observed on the bare support. Hence, most probably, another active site is present
on the gold which is active in formation of acetaldehyde, and this site is not affected
by carbon deposition.
It is unlikely that the formation of ethylene oxide is the result of a reaction of
ethanol on the gold particles with oxygen from the support as the addition of ceria,
which is very capable of supplying oxygen [?, 18] would then increase the formation
of ethylene oxide and just the opposite is found.
We believe that the ethylene oxide if formed directly from the ethanol, by abstract-
ing hydrogen. In experiments with varying contact time no indications were found of
any intermediates. Also when an ethylene/O2 flow was used no ethylene oxide was
detected. The only carbon containing products were CO and CO2.
Addition of Li-species results in a great increase in selectivity to ethylene oxide.
This promoting effect of lithium may be twofold. First, lithium can act as a structural
promoter by influencing the shape and size, and thus the active sites, of the gold
particles [20]. Second, it lowers the activity of the alumina support by influencing
the acidic sites of the alumina. In this way it favors the reaction pathway in which
the gold-nanoparticles are involved.
For the role of oxygen we have made the following observations: Ethanol con-
version and ethylene oxide formation start at lower temperature than O2 conversion.
Secondly, we found no apparent relation between O2 conversion and ethylene oxide
formation. These observations led us to believe that the main role of oxygen is to
250
CHAPTER 6: ETHANOL ON GOLD BASED CATALYSTS 109
Table 6.3: comparison of conversion of ethanol and selectivities into ethylene oxide
in an ethanol/O2 mixture of 1.
Catalyst Temperature (◦C) Conversion Selectivity
Au/Li2O/Al2O3 200 80 95
300 90 71
400 100 10
Ag/Li2O/Al2O3 200 58 96
300 90 54
400 100 30
Cu/Li2O/Al2O3 200 70 90
300 92 15
400 100 4
prevent coke formation. In the measurements with high O2 content almost no ethyl-
ene oxide is formed, but the ethanol is further oxidized mainly to CO2. Hence, a low
concentrating of oxygen is important for a high ethylene oxide selectivity.
6.5 Conclusions
Gold based catalysts are active in ethanol dehydrogenation, oxidation and dehydra-
tation. In a gas flow with a low O2 concentration a high selectivity to ethylene oxide
can be obtained. The presence of O2 is very important to prevent carbon deposition.
With the best performing catalyst, Au/Li2O/Al2O3 a selectivity to ethylene oxide up
to 88% is obtained. By improving the oxygen uptake, ceria makes oxygen available
to the catalytic reaction sites. No indications are found of a combinatorial effect of
Li2O and CeOx in these reactions.
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Section 22.3 
Equipment Design Calculations  
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Section 22.3.1: Pumps 
 
Equations are taken from Product and Process Design Principles Chapter 16, Section 5, pg. 451-
456 
Sample calculation shown for P-203 
𝐻𝑒𝑎𝑑 𝐷𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑑 =
𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝐶ℎ𝑎𝑛𝑔𝑒
𝐹𝑙𝑢𝑖𝑑 𝐷𝑒𝑛𝑠𝑖𝑡𝑦
∆𝑃
𝜌
=  10.3 (from Aspen Block Results) 
Assumed 𝑃𝑢𝑚𝑝 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 = 𝑛𝑃 = 0.80 
Assumed 𝐷𝑟𝑖𝑣𝑒𝑟 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 = = 0.95 
𝑃𝑢𝑚𝑝 𝐵𝑟𝑎𝑘𝑒 𝐻𝑜𝑟𝑠𝑒𝑝𝑜𝑤𝑒𝑟 = 𝑃𝐵 =
𝑄𝐻𝜌
33000∗𝜂𝑃
= 0.025 𝑀𝐻𝑝 (from Aspen Block Results) 
The volumetric flow rate from Aspen and the head from the calculation were used in Table 16.20 
to obtain other data for the type of pump.  
 
Sample volumetric flow rate (Q) calculation shown for P-306 
The Aspen results were not used to obtain Q, volumetric flow rate, for all pumps. Mass flow 
rates were converted to volumetric flow rates, Q, manually for streams with small vapor fractions 
because Aspen calculated the densities incorrectly for streams with even trace vapors.   
𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 =  𝜌 = 8.345 𝑙𝑏/𝑔𝑎𝑙  
𝑄  (𝑔𝑝𝑚) = 𝑀𝑎𝑠𝑠 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 (
𝑙𝑏
ℎ𝑟
) ∗  𝜌 ∗ (
1 ℎ𝑟
60 𝑚𝑖𝑛
) =
1286201
𝑙𝑏
ℎ𝑟
8.345
𝑙𝑏
𝑔𝑎𝑙
∗
1 ℎ𝑟
60 𝑚𝑖𝑛
= 2569 𝑔𝑝𝑚 
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Section 22.3.1: Compressors 
Equations are taken from Product and Process Design Principles Chapter 16, Section 5, pg. 459-
460 
Sample calculation shown for C-103 
Centrifugal compressor 
𝑁𝑒𝑡 𝑊𝑜𝑟𝑘 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 =  𝑃𝐶  (𝐻𝑝) = 71.9 (From Aspen Block Results) 
Electric compressor  FD = 1 (From pg. 460)  
Carbon steel material  FM = 1 (From pg. 460) 
FBM= 2.15 (From Table 16.11 on pg. 441) 
According to Heuristic 36 on pg. 150, the compression ratio must be calculated to determine the 
number of stages.  
𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑅𝑎𝑡𝑖𝑜 =
𝑂𝑢𝑡𝑙𝑒𝑡 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒
𝐼𝑛𝑙𝑒𝑡 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒
=
19.1 (psia)
14.7 (psia)
= 1.3 
1.3 < 3 ∴ 𝑇ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑔𝑎𝑠 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑠𝑡𝑎𝑔𝑒𝑠 𝑖𝑠 1.  
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Section 22.3.3: Reactors and Catalyst Quantities 
Equations are taken from Product and Process Design Principles Chapter 15 and 16. 
Reactor sample calculation shown for R-403 
Note: R-105 uses GSHV because Reaction 1 occurs in vapor phase, and R-403/R-404 use LSHV 
because Reaction 2 occurs in liquid phase.  
GSHV and LSHV were obtained from research.3,11 
𝑀𝑎𝑠𝑠 𝑜𝑓 𝐶𝑎𝑡𝑎𝑙𝑦𝑠𝑡 =  
𝑀𝑎𝑠𝑠 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 𝑜𝑓 𝑅𝑒𝑎𝑐𝑡𝑜𝑟 𝐹𝑒𝑒𝑑
𝐺𝑆𝐻𝑉 ∗ 𝐶𝑎𝑡𝑎𝑙𝑦𝑠𝑡 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟
=
530240
𝑙𝑏
ℎ𝑟
10 ℎ𝑟−1 ∗ 1
= 53021 𝑙𝑏 
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑅𝑒𝑎𝑐𝑡𝑜𝑟 = 𝑉𝑜𝑙𝑢𝑚𝑒𝑡𝑟𝑖𝑐 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 ∗ 2 ∗ 1 4⁄ ∗ 110% 𝐶𝑎𝑡𝑎𝑙𝑦𝑠𝑡 𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 =
9449 𝑓𝑡3 ∗ 2 ∗ 1.1 = 20,800 𝑓𝑡3   
The volumetric flow rate of the reactor feed was multiplied by ¼ based on an assumed reactor 
residence time. The resulting volume was multiplied by 2 as a safety precaution so only half of 
the reactor is full in a given cycle. 
Assume an aspect ratio, L/D, of 2.5.  
𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 = (
4∗𝑉
𝜋∗ 
𝐿
𝐷
)
1/3
=  (
4∗20800 𝑓𝑡3
𝜋∗ 2.5
)
1/3
= 22 𝑓𝑡  
𝐻𝑒𝑖𝑔ℎ𝑡 =
𝐿
𝐷
∗ 𝐷 ∗ 2.5 = 54 𝑓𝑡 
The reactors were costed as horizontal pressure vessels using the same equations as for the Flash  
Drums. See Section 22.3.4.2.    
257
 Section 22.3.4: Separation Units 
 
Section 22.3.4.1: Tray Columns  
Sample calculation shown for D-512 
Column Type in Aspen Model: RadFrac 
Tray type: Sieve 
Number of passes= 1 
𝐶𝑜𝑙𝑢𝑚𝑛 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 = 𝐷 = 4.7 𝑓𝑡 (From Aspen Column Internals Results) 
𝑁𝑆 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑆𝑡𝑎𝑔𝑒𝑠 
Assume tray efficiency of 50%.  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑇𝑟𝑎𝑦𝑠 =  𝑁𝑇 =
𝑁𝑆
0.5
=
9
0.5
= 18 𝑡𝑟𝑎𝑦𝑠  
𝐶𝑜𝑙𝑢𝑚𝑛 𝐻𝑒𝑖𝑔ℎ𝑡 =  𝐿 = (𝑁𝑇 − 1) ∗ 𝑇𝑟𝑎𝑦 𝑆𝑝𝑎𝑐𝑖𝑛𝑔 + (𝐻𝑒𝑎𝑑𝑠𝑝𝑎𝑐𝑒 + 𝑆𝑢𝑚𝑝𝑠𝑝𝑎𝑐𝑒)
= (18 − 1) ∗ 2 ∗ (4 + 10) 𝑓𝑡 = 48 𝑓𝑡 
 
Section 22.3.4.2: Flash Drums 
Sample calculation shown for F-501 
Flash drums were sized as horizontal pressure vessels, using equations from Product and 
Process Design Principles, Section 5, pg. 464-467 
𝑉𝑜𝑙𝑢𝑚𝑒𝑡𝑟𝑖𝑐 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 = ?̇? = 9447 
𝑓𝑡3
ℎ𝑟
 (From Aspen Stream Results) 
 
Assume Hold Up Time Inside Flash Drum, based on discussions with industrial consultants
=
1
4
∗ 1 ℎ𝑟 = 15 𝑚𝑖𝑛 
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐹𝑙𝑢𝑖𝑑 𝐼𝑛𝑠𝑖𝑑𝑒 𝑇𝑎𝑛𝑘 𝑎𝑓𝑡𝑒𝑟 15 min = ?̇? ∗ 𝐻𝑜𝑙𝑑𝑢𝑝 𝑇𝑖𝑚𝑒 = 2362 𝑓𝑡3  
  
Specify volume of the drum as double the volume of fluid inside the drum so that tank is always 
half full:  
258
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐹𝑙𝑎𝑠ℎ 𝐷𝑟𝑢𝑚 = (𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐹𝑙𝑢𝑖𝑑 𝐼𝑛𝑠𝑖𝑑𝑒 𝑇𝑎𝑛𝑘 𝑎𝑓𝑡𝑒𝑟 12 𝑚𝑖𝑛) ∗ 2
= 2362 𝑓𝑡3 ∗ 2 = 4724 𝑓𝑡3 
  
Assume an L/D aspect ratio of 2.5, based on discussions with industrial consultants:  
𝐿 = 2.5 ∗ 𝐷 
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐹𝑙𝑎𝑠ℎ 𝐷𝑟𝑢𝑚 =  𝜋 ∗ (
𝐷
2
)
2
∗ 𝐿 =  𝜋 ∗ (
𝐷
2
)
2
∗ 2.5 ∗ 𝐷   
𝐷 = (
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐹𝑙𝑎𝑠ℎ 𝐷𝑟𝑢𝑚
1.25 ∗ 𝜋
)
1/3
= 10.6 𝑓𝑡 
𝐿 = 2.5 ∗ 10.6 𝑓𝑡 = 26.6 𝑓𝑡 
The flash drums (F-501/ F-502/ F-503) are operated at vacuum conditions, so the cost had to be 
manually calculated to account for extra wall thickness. Pressure vessels require thicker walls to 
provide enough rigidity to prevent collapse due to a higher external pressure than internal 
pressure. The wall thickness changed the weight of the column. The adjusted weight was used to 
calculate the purchase cost using equations on pg. 466-467.  
𝑡𝐸𝐶 = 𝐿(0.18 ∗ 𝐷𝑖 − 2.2) ∗ 10
−5 − 0.19 
𝑡𝑉 = 𝑡𝐸 + 𝑡𝐸𝐶  
tE was taken from the empirical equations in the Equipment Costing Spreadsheet and Process 
and Product Design Principles (pg. 466).   
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Section 22.3.5: Storage Tanks 
Sample calculation shown for T-605 
Time Capacity is the amount of time the material will be stored.  
 
Assume a safety factor of 2, i.e. the volume of the tank will be double the volume of the material 
stored throughout the specified time capacity.  
Time Capacity = 30 days 
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑇𝑎𝑛𝑘 = 𝑉𝑜𝑙𝑢𝑚𝑒𝑡𝑟𝑖𝑐 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 ∗ 𝑇𝑖𝑚𝑒 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 ∗ 𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟
= 6630.7
𝑔𝑎𝑙
ℎ𝑟
∗ (0.134 
𝑓𝑡3
𝑔𝑎𝑙
) ∗ (24
ℎ𝑟
𝑑𝑎𝑦
) ∗ (30 𝑑𝑎𝑦𝑠) ∗ 2 = 1275316 𝑓𝑡3 
  
𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 = 𝐷 = (
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑇𝑎𝑛𝑘
1.25 ∗  𝜋
)
1/3
= (
1275316 𝑓𝑡3
1.25 ∗ 𝜋
)
1/3
= 68.7 𝑓𝑡 
 
𝐻𝑒𝑖𝑔ℎ𝑡 = 𝐿 = 2.5 ∗ 68.7 𝑓𝑡 = 171.8 𝑓𝑡 
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Section 22.3.6: Heat Exchangers 
 
Section 22.3.6.1: Heat Exchanger Design 
Equations taken from  
Sample calculation shown for E-604 
Heat transfer coefficient, U (Btu/(F-ft2* hr), obtained from Table 12.5 in Product and Process 
Design Principles on pg. 376 depending on the two fluids used 
∆𝑇1 =  ∆𝑇ℎ𝑜𝑡,𝑖𝑛 − ∆𝑇𝑐𝑜𝑙𝑑,𝑜𝑢𝑡 = 458 °𝐹 − 120 °𝐹 = 338 °𝐹   
∆𝑇2 =  ∆𝑇ℎ𝑜𝑡,𝑜𝑢𝑡 −  ∆𝑇𝑐𝑜𝑙𝑑,𝑖𝑛 = 100 °𝐹 − 90 °𝐹 = 10 °𝐹  
𝐿𝑜𝑔 𝑀𝑒𝑎𝑛 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =  ∆𝑇𝐿𝑀 =
(∆𝑇1 − ∆𝑇2)
ln
∆𝑇1
∆𝑇2
= 93.2 °𝐹   
Assume the correction factor FT=1  
𝐴𝑟𝑒𝑎 = 𝐴𝑖 =
𝑄
𝑈 ∗ ∆𝑇𝐿𝑀 ∗ 𝐹𝑇
=
−(−2.46 𝑀𝑀)
𝐵𝑇𝑈
ℎ𝑟
200 (
𝐵𝑇𝑈
𝑓𝑡2 ∗ °𝐹 ∗ ℎ𝑟
) ∗ 93.2 °𝐹 ∗ 1
= 132.2 𝑓𝑡2 
A tube velocity was chosen between 1 and 10 ft/s to obtain a reasonable number of tube passes.  
𝐶𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 𝑝𝑒𝑟 𝑝𝑎𝑠𝑠 = 𝐴𝐶 =
𝑇𝑢𝑏𝑒 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒
𝜌𝑤𝑎𝑡𝑒𝑟 ∗ 𝑇𝑢𝑏𝑒 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦
=
82,329
lb
hr
62 
𝑙𝑏
𝑓𝑡3
∗ 4 
𝑓𝑡
𝑠
∗
3600 𝑠
ℎ𝑟
= 0.092 𝑓𝑡2 
Assume inner diameter of tube, Di, is 1 inch (0.083 ft)  
𝑁𝑜. 𝑜𝑓 𝑡𝑢𝑏𝑒 𝑝𝑒𝑟 𝑝𝑎𝑠𝑠 = 𝑁𝑡 =
4 ∗ 𝐴𝐶
𝜋 ∗ 𝐷𝑖
2 =
4 ∗ 0.092
𝜋 ∗ 0.0832
= 17.02 𝑡𝑢𝑏𝑒𝑠 
Round Nt to a whole number.  
A tube length was chosen between 20 and 30 feet to obtain a reasonable number of passes.  
𝐻𝑒𝑎𝑡 𝑇𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝐴𝑟𝑒𝑎 𝑝𝑒𝑟 𝑡𝑢𝑏𝑒 =  𝐴𝑡 = 𝜋 ∗  𝐷𝑖 ∗ 𝐿 = 𝜋 ∗ (0.083 𝑓𝑡) ∗ 20 = 5.22 𝑓𝑡
2 
𝑁𝑜. 𝑜𝑓 𝑡𝑢𝑏𝑒 𝑝𝑎𝑠𝑠𝑒𝑠 = 𝑁𝑝 =
𝐴𝑖
𝐴𝑡 ∗ 𝑁𝑡
=
132.2
5.2 ∗ 17
= 1.49 𝑝𝑎𝑠𝑠𝑒𝑠 
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Round Np to a whole number.  
Calculate new At from rounded numbers. 
𝐴𝑡 =
𝐴𝑖
𝑁𝑝𝑁𝑡
=
132.2
1 ∗ 17
= 7.77 𝑓𝑡2 
Calculate new L from new At.  
𝐿 =
𝐴𝑡
𝜋 ∗ 𝐷𝑖
=
7.77 𝑓𝑡2
𝜋 ∗ 0.083 𝑓𝑡
= 29.8 𝑓𝑡 
Calculate new Ai from new L.  
𝐴𝑖 = 𝜋 ∗ 𝐿 ∗ 𝐷𝑖 ∗ 𝑁𝑝 ∗ 𝑁𝑡 = 𝜋 ∗ 29.9 𝑓𝑡 ∗ 0.083 𝑓𝑡 ∗ 1 ∗ 17 = 132.2 𝑓𝑡
2 
Obtain shell diameter from Table 12.6 using Np* Nt = 17. Therefore, the shell diameter for a heat 
exchanger with a square pitch, 1 inch outer diameter tubes, and 1 pass is DS = 9 inches.  
𝐵𝑎𝑓𝑓𝑙𝑒 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 = 𝑏 
𝐷𝑆
5
< 𝑏 < 𝐷𝑆 = 1.8 < 𝑏 < 9 
𝑏~5.4 𝑖𝑛𝑐ℎ𝑒𝑠 
Round b to a whole number. The baffle spacing is 5 inches.  
 
Section 22.3.6.2: Heat Exchanger Network  
 The heat exchanger networks were modeled by matching the streams of the 
heating/cooling units. The networks are designed so that the hot streams transfer heat to the cold 
streams within each pair, allowing for a 10°F minimum temperature driving force between 
streams. The temperature changes of two streams were said to overlap and could thus form a heat 
exchanger network if the inlet and outlet temperature of the cold stream was within the range of 
the inlet and outlet temperature of the hot stream, or vice versa.  
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Sample stream matching shown for Heat Exchanger Network 1 from Table 12.3 in Section 12.2 
 
Heat Exchanger Network Equipment Pair Inlet Temperature (°F) Outlet Temperature (°F) 
1 
E-202-A 488.3 59.0 
E-R-105 126.6 392.0 
  
The row highlighted in red indicates the hot stream of the heat exchanger network, and the row 
highlighted in blue indicates the cold stream of the heat exchanger network.  
𝑇𝐻𝑂 = 𝐻𝑜𝑡 𝑆𝑡𝑟𝑒𝑎𝑚 𝑂𝑢𝑡𝑙𝑒𝑡 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 
𝑇𝐻𝐼 = 𝐻𝑜𝑡 𝑆𝑡𝑟𝑒𝑎𝑚 𝐼𝑛𝑙𝑒𝑡 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 
𝑇𝐶𝑂 = 𝐻𝑜𝑡 𝑆𝑡𝑟𝑒𝑎𝑚 𝑂𝑢𝑡𝑙𝑒𝑡 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 
𝑇𝐶𝐼 = 𝐻𝑜𝑡 𝑆𝑡𝑟𝑒𝑎𝑚 𝑂𝑢𝑡𝑙𝑒𝑡 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 
𝑇𝐻𝑂 < 𝑇𝐶𝐼 < 𝑇𝐶𝑂 < 𝑇𝐻𝐼 
The net heat duty of the heat exchanger network was then calculated by taking the sum of the 
heat duties of the hot and cold streams in the pair.  
𝑁𝑒𝑡 𝐻𝑒𝑎𝑡 𝐷𝑢𝑡𝑦 = 𝐻𝑒𝑎𝑡 𝐷𝑢𝑡𝑦 𝑜𝑓 𝐻𝑒𝑎𝑡 𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟 1 + 𝐻𝑒𝑎𝑡 𝐷𝑢𝑡𝑦 𝑜𝑓 𝐻𝑒𝑎𝑡 𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟 2
= −173 𝑀𝑀
𝐵𝑇𝑈
ℎ𝑟
+ 35.0 𝑀𝑀
𝐵𝑇𝑈
ℎ𝑟
=  −138 𝑀𝑀 
𝐵𝑇𝑈
ℎ𝑟
  
 
If process stream is being cooled (by cooling or chilled water): 
𝑈𝑡𝑖𝑙𝑖𝑡𝑦 𝑀𝑎𝑠𝑠 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 = 𝑚 =
𝑄 (
𝐵𝑇𝑈
ℎ𝑟 )
𝐶𝑃 (
𝐵𝑇𝑈
𝑙𝑏 ∗ °𝐹) ∗ ∆𝑇 ∗ °𝐹
 
If process stream is being cooled (by high, medium, or low pressure steam): 
𝑈𝑡𝑖𝑙𝑖𝑡𝑦 𝑀𝑎𝑠𝑠 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 = 𝑚 =
𝑄 (
𝐵𝑇𝑈
ℎ𝑟 )
∆𝐻𝑣𝑎𝑝 (
𝐵𝑇𝑈
𝑙𝑏 )
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Section 22.4 
MSDS  
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SAFETY DATA SHEET
1. Identification
Product identifier Ethanol, Undenatured
Other means of identification Not available.
Recommended use Fuel
Recommended restrictions None known.
Manufacturer/Importer/Supplier/Distributor information
Manufacturer
Manufacturer: Ergon Biofuels, L.L.C.
Address: 1833 Haining Road
Vicksburg, Mississippi 39183
Telephone: 601-636-1976
E-mail: sds@ergon.com
Emergency Contacts CHEMTREC:  1-800-424-9300
2. Hazard(s) identification
Category 1Flammable liquidsPhysical hazards
Category 2ASerious eye damage/eye irritationHealth hazards
Not classified.Environmental hazards
Not classified.OSHA defined hazards
Label elements
Signal word Danger
Hazard statement Extremely flammable liquid and vapor. Causes serious eye irritation.
Prevention Keep away from heat/sparks/open flames/hot surfaces. - No smoking. Keep container tightly
closed. Wear protective gloves/protective clothing/eye protection/face protection.
Response In case of fire: Use appropriate media for extinction. If on skin (or hair): Take off immediately all
contaminated clothing. Rinse skin with water/shower. If in eyes: Rinse cautiously with water for
several minutes. Remove contact lenses, if present and easy to do. Continue rinsing. If eye
irritation persists: Get medical advice/attention.
Storage Store in a well-ventilated place. Keep cool.
Disposal Dispose of contents/container in accordance with local/regional/national/international regulations.
Hazard(s) not otherwise
classified (HNOC)
Static accumulating flammable liquid can become electrostatically charged even in bonded and
grounded equipment. Sparks may ignite liquid and vapor. May cause flash fire or explosion.
Supplemental information Not applicable.
3. Composition/information on ingredients
Mixtures
CAS number %Chemical name Common name and synonyms
64-17-5Ethanol 95 - 98
4. First-aid measures
Inhalation If breathing is difficult, remove to fresh air and keep at rest in a position comfortable for breathing.
Call a physician if symptoms develop or persist.
Skin contact Take off immediately all contaminated clothing. Rinse skin with water/shower. If skin irritation
occurs: Get medical advice/attention. Take off contaminated clothing and wash before reuse.
Eye contact Immediately flush eyes with plenty of water for at least 15 minutes. Remove contact lenses, if
present and easy to do. Continue rinsing. Get medical attention if irritation develops and persists.
Ingestion Rinse mouth. If ingestion of a large amount does occur, call a poison control center immediately.
1 / 8
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Most important
symptoms/effects, acute and
delayed
Causes serious eye damage. Symptoms may include stinging, tearing, redness, swelling, and
blurred vision.
Indication of immediate
medical attention and special
treatment needed
Provide general supportive measures and treat symptomatically. Thermal burns: Flush with water
immediately. While flushing, remove clothes which do not adhere to affected area. Call an
ambulance. Continue flushing during transport to hospital. Keep victim under observation.
Symptoms may be delayed.
General information Take off all contaminated clothing immediately. IF exposed or concerned: Get medical
advice/attention. Ensure that medical personnel are aware of the material(s) involved, and take
precautions to protect themselves. Wash contaminated clothing before reuse.
5. Fire-fighting measures
Suitable extinguishing media Alcohol resistant foam. Water spray. Water fog. Carbon dioxide (CO2). Dry chemical powder,
carbon dioxide, sand or earth may be used for small fires only.
Unsuitable extinguishing
media
Water. Do not use water jet as an extinguisher, as this will spread the fire.
Specific hazards arising from
the chemical
Vapors may form explosive mixtures with air. Vapors may travel considerable distance to a source
of ignition and flash back. During fire, gases hazardous to health may be formed.
Special protective equipment
and precautions for
firefighters
Self-contained breathing apparatus and full protective clothing must be worn in case of fire.
Fire-fighting
equipment/instructions
In case of fire and/or explosion do not breathe fumes. Move containers from fire area if you can do
so without risk.
Specific methods Use standard firefighting procedures and consider the hazards of other involved materials.
General fire hazards Extremely flammable liquid and vapor.
6. Accidental release measures
Personal precautions,
protective equipment and
emergency procedures
Keep unnecessary personnel away. Keep people away from and upwind of spill/leak. Eliminate all
ignition sources (no smoking, flares, sparks, or flames in immediate area). Wear appropriate
protective equipment and clothing during clean-up. Avoid breathing mist or vapor. Do not touch
damaged containers or spilled material unless wearing appropriate protective clothing. Ventilate
closed spaces before entering them. Use appropriate containment to avoid environmental
contamination. Transfer by mechanical means such as vacuum truck to a salvage tank or other
suitable container for recovery or safe disposal. Local authorities should be advised if significant
spillages cannot be contained. For personal protection, see section 8 of the SDS.
Methods and materials for
containment and cleaning up
Eliminate all ignition sources (no smoking, flares, sparks, or flames in immediate area). Keep
combustibles (wood, paper, oil, etc.) away from spilled material.
Large Spills: Stop the flow of material, if this is without risk. Dike the spilled material, where this is
possible. Cover with plastic sheet to prevent spreading. Use a non-combustible material like
vermiculite, sand or earth to soak up the product and place into a container for later disposal.
Following product recovery, flush area with water.
Small Spills: Absorb with earth, sand or other non-combustible material and transfer to containers
for later disposal. Clean surface thoroughly to remove residual contamination.
Never return spills to original containers for re-use. For waste disposal, see section 13 of the SDS.
Environmental precautions Avoid discharge into drains, water courses or onto the ground. Contact local authorities in case of
spillage to drain/aquatic environment.
7. Handling and storage
Precautions for safe handling Do not handle until all safety precautions have been read and understood. Do not handle, store or
open near an open flame, sources of heat or sources of ignition. Protect material from direct
sunlight. When using do not smoke. Explosion-proof general and local exhaust ventilation. Minimize
fire risks from flammable and combustible materials (including combustible dust and static
accumulating liquids) or dangerous reactions with incompatible materials. All equipment used when
handling the product must be grounded. Use non-sparking tools and explosion-proof equipment.
Avoid breathing mist or vapor. Avoid contact with eyes, skin, and clothing. Avoid contact during
pregnancy/while nursing. Wear appropriate personal protective equipment. Wash hands thoroughly
after handling.
For additional information on equipment bonding and grounding, refer to the Canadian Electrical
Code in Canada, (CSA C22.1), or the American Petroleum Institute (API) Recommended Practice
2003, "Protection Against Ignitions Arising out of Static, Lightning, and Stray Currents" or National
Fire Protection Association (NFPA) 77, "Recommended Practice on Static Electricity" or National Fire
Protection Association (NFPA) 70, "National Electrical Code".
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Conditions for safe storage,
including any
incompatibilities
Store locked up. Keep away from heat, sparks and open flame. Avoid spark promoters. Eliminate
sources of ignition. Ground/bond container and equipment. Store in a well-ventilated place. Keep in
an area equipped with sprinklers. Store away from incompatible materials (see Section 10 of the
SDS).
8. Exposure controls/personal protection
Occupational exposure limits
US. OSHA Table Z-1 Limits for Air Contaminants (29 CFR 1910.1000)
ValueComponents Type
PEL 1900 mg/m3Ethanol (CAS 64-17-5)
1000 ppm
US. ACGIH Threshold Limit Values
ValueComponents Type
STEL 1000 ppmEthanol (CAS 64-17-5)
US. NIOSH: Pocket Guide to Chemical Hazards
ValueComponents Type
TWA 1900 mg/m3Ethanol (CAS 64-17-5)
1000 ppm
Biological limit values No biological exposure limits noted for the ingredient(s).
Appropriate engineering
controls
Explosion-proof general and local exhaust ventilation. Good general ventilation (typically 10 air
changes per hour) should be used. Ventilation rates should be matched to conditions. If applicable,
use process enclosures, local exhaust ventilation, or other engineering controls to maintain airborne
levels below recommended exposure limits. If exposure limits have not been established, maintain
airborne levels to an acceptable level. Eye wash facilities and emergency shower must be available
when handling this product.
Individual protection measures, such as personal protective equipment
Eye/face protection Wear safety glasses with side shields (or goggles).
Hand protection Wear appropriate chemical resistant gloves.
Skin protection
Other Wear appropriate chemical resistant clothing.
Respiratory protection If engineering controls do not maintain airborne concentrations below recommended exposure
limits (where applicable) or to an acceptable level (in countries where exposure limits have not
been established), an approved respirator must be worn.
Thermal hazards Wear appropriate thermal protective clothing, when necessary.
General hygiene
considerations
When using, do not eat, drink or smoke. Always observe good personal hygiene measures, such as
washing after handling the material and before eating, drinking, and/or smoking.  Routinely wash
work clothing and protective equipment to remove contaminants.
9. Physical and chemical properties
Appearance Clear, colorless liquid.
Physical state Liquid.
Form Liquid.
Color Clear. Colorless.
Odor Alcoholic.
Odor threshold Not available.
pH Not available.
Melting point/freezing point 32 °F (0 °C)
Initial boiling point and
boiling range
173 °F (78.33 °C)
Flash point 55.0 °F (12.8 °C) Tagliabue
Evaporation rate 3.2 BuAc
Flammability (solid, gas) Not available.
Upper/lower flammability or explosive limits
Explosive limit - lower
(%)
Not available.
Explosive limit - upper
(%)
Not available.
Vapor pressure 96 mm Hg at 20°C
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Vapor density Not available.
Relative density 0.79 at 60°F
Solubility(ies)
Solubility (water) Completely Soluble
Partition coefficient
(n-octanol/water)
Not available.
Auto-ignition temperature 685 °F (362.78 °C)
Decomposition temperature Not available.
Viscosity Not available.
Other information
Bulk density 6.62 lb/gal
10. Stability and reactivity
Reactivity The product is stable and non-reactive under normal conditions of use, storage and transport.
Chemical stability Material is stable under normal conditions.
Possibility of hazardous
reactions
No dangerous reaction known under conditions of normal use.
Conditions to avoid Avoid heat, sparks, open flames and other ignition sources. Avoid temperatures exceeding the flash
point. Contact with incompatible materials.
Incompatible materials Strong oxidizing agents.
Hazardous decomposition
products
Carbon oxides.
11. Toxicological information
Information on likely routes of exposure
Ingestion Expected to be a low ingestion hazard.
Inhalation No adverse effects due to inhalation are expected.
Skin contact Prolonged skin contact may cause temporary irritation.
Eye contact Causes serious eye irritation.
Symptoms related to the
physical, chemical and
toxicological characteristics
Causes eye irritation. Symptoms may include stinging, tearing, redness, swelling, and blurred
vision.
Information on toxicological effects
Acute toxicity May be harmful if swallowed in large amounts.
Test ResultsComponents Species
Ethanol (CAS 64-17-5)
LC50 Mouse
Inhalation
Acute
39 mg/l, 4 Hours
Rat 20000 ppm, 10 Hours
LD50 Dog
Oral
5.5 g/kg
Guinea pig 5.6 g/kg
Mouse 3450 mg/kg
Rat 6.2 g/kg
LD50 Mouse
Other
933 mg/kg
Rat 1440 mg/kg
Skin corrosion/irritation Causes skin irritation.
Serious eye damage/eye
irritation
Causes serious eye irritation.
Respiratory or skin sensitization
Respiratory sensitization Not a respiratory sensitizer.
Skin sensitization This product is not expected to cause skin sensitization.
Germ cell mutagenicity Not classified.
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Carcinogenicity Not a known human carcinogen.
US. OSHA Specifically Regulated Substances (29 CFR 1910.1001-1050)
Not listed.
Reproductive toxicity This product is not expected to cause reproductive or developmental effects.
Specific target organ toxicity
- single exposure
Not classified.
Specific target organ toxicity
- repeated exposure
Not classified.
Aspiration hazard Not an aspiration hazard.
Chronic effects Prolonged inhalation may be harmful.
12. Ecological information
Ecotoxicity The product components are not classified as environmentally hazardous. However, this does not
exclude the possibility that large or frequent spills can have a harmful or damaging effect on the
environment.
Components Test ResultsSpecies
Ethanol (CAS 64-17-5)
Aquatic
EC50Crustacea 7.7 - 11.2 mg/l, 48 hoursWater flea (Daphnia magna)
LC50Fish > 100 mg/l, 96 hoursFathead minnow (Pimephales promelas)
Persistence and degradability No data is available on the degradability of this product.
Bioaccumulative potential       
Partition coefficient n-octanol / water (log Kow)
Ethanol -0.31
Mobility in soil Expected to be slightly to moderately mobile in soil.
Other adverse effects No other adverse environmental effects (e.g. ozone depletion, photochemical ozone creation
potential, endocrine disruption, global warming potential) are expected from this component.
13. Disposal considerations
Disposal instructions Collect and reclaim or dispose in sealed containers at licensed waste disposal site. This material and
its container must be disposed of as hazardous waste. Do not allow this material to drain into
sewers/water supplies. Do not contaminate ponds, waterways or ditches with chemical or used
container. Dispose of contents/container in accordance with local/regional/national/international
regulations.
Local disposal regulations Dispose in accordance with all applicable regulations.
Hazardous waste code The waste code should be assigned in discussion between the user, the producer and the waste
disposal company. D001: Waste Flammable material with a flash point <140 F
Waste from residues /
unused products
Dispose of in accordance with local regulations. Empty containers or liners may retain some product
residues. This material and its container must be disposed of in a safe manner (see: Disposal
instructions).
Contaminated packaging Empty containers should be taken to an approved waste handling site for recycling or disposal.
Since emptied containers may retain product residue, follow label warnings even after container is
emptied.
14. Transport information
DOT
UN1170UN number
EthanolUN proper shipping name
3Class
Transport hazard class(es)
-Subsidiary risk
3Label(s)
IIPacking group
NoMarine pollutant
Environmental hazards
Read safety instructions, SDS and emergency procedures before handling.Special precautions for
user
24, IB2, T4, TP1Special provisions
4b, 150Packaging exceptions
202Packaging non bulk
242Packaging bulk
5 / 8
Material name: Ethanol, Undenatured
5840    Version #: 01    Issue date: 04-08-2015
SDS US
269
IATA
UN1170UN number
EthanolUN proper shipping name
3Class
Transport hazard class(es)
-Subsidiary risk
IIPacking group
No.Environmental hazards
3LERG Code
Read safety instructions, SDS and emergency procedures before handling.Special precautions for
user
Allowed.Passenger and cargo
aircraft
Other information
Allowed.Cargo aircraft only
IMDG
UN1170UN number
ETHANOL (ETHYL ALCOHOL)UN proper shipping name
3Class
Transport hazard class(es)
-Subsidiary risk
IIPacking group
NoMarine pollutant
Environmental hazards
F-E, S-DEmS
Read safety instructions, SDS and emergency procedures before handling.Special precautions for
user
Not available.Transport in bulk according to
Annex II of MARPOL 73/78
and the IBC Code
DOT
IATA; IMDG
15. Regulatory information
US federal regulations This product is a "Hazardous Chemical" as defined by the OSHA Hazard Communication Standard,
29 CFR 1910.1200.
One or more components are not listed on TSCA.
TSCA Section 12(b) Export Notification (40 CFR 707, Subpt. D)
Not regulated.
CERCLA Hazardous Substance List (40 CFR 302.4)
Ethanol (CAS 64-17-5) Listed.
US. OSHA Specifically Regulated Substances (29 CFR 1910.1001-1050)
Not listed.
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Superfund Amendments and Reauthorization Act of 1986 (SARA)
Hazard categories Immediate Hazard - Yes
Delayed Hazard - No
Fire Hazard - Yes
Pressure Hazard - No
Reactivity Hazard - No
SARA 302 Extremely hazardous substance
Not listed.
SARA 311/312
Hazardous chemical
Yes
SARA 313 (TRI reporting)
Not regulated.
Other federal regulations
Clean Air Act (CAA) Section 112 Hazardous Air Pollutants (HAPs) List
Not regulated.
Clean Air Act (CAA) Section 112(r) Accidental Release Prevention (40 CFR 68.130)
Not regulated.
Safe Drinking Water Act
(SDWA)
Not regulated.
Food and Drug
Administration (FDA)
Total food additive
Direct food additive
GRAS food additive
US state regulations
US. Massachusetts RTK - Substance List
Ethanol (CAS 64-17-5)
US. New Jersey Worker and Community Right-to-Know Act
Not regulated.
US. Pennsylvania RTK - Hazardous Substances
Ethanol (CAS 64-17-5)
US. Rhode Island RTK
Not regulated.
US. California Proposition 65
WARNING: This product contains a chemical known to the State of California to cause cancer.
US - California Proposition 65 - CRT: Listed date/Carcinogenic substance
Ethanol (CAS 64-17-5) Listed: April 29, 2011
Listed: July 1, 1988
US - California Proposition 65 - CRT: Listed date/Developmental toxin
Ethanol (CAS 64-17-5) Listed: October 1, 1987
International Inventories
Country(s) or region Inventory name On inventory (yes/no)*
YesAustralia Australian Inventory of Chemical Substances (AICS)
YesCanada Domestic Substances List (DSL)
NoCanada Non-Domestic Substances List (NDSL)
YesChina Inventory of Existing Chemical Substances in China (IECSC)
YesEurope European Inventory of Existing Commercial Chemical Substances
(EINECS)
NoEurope European List of Notified Chemical Substances (ELINCS)
YesJapan Inventory of Existing and New Chemical Substances (ENCS)
YesKorea Existing Chemicals List (ECL)
YesNew Zealand New Zealand Inventory
YesPhilippines Philippine Inventory of Chemicals and Chemical Substances
(PICCS)
YesUnited States & Puerto Rico Toxic Substances Control Act (TSCA) Inventory
*A "Yes" indicates that all components of this product comply with the inventory requirements administered by the governing country(s)
A "No" indicates that one or more components of the product are not listed or exempt from listing on the inventory administered by the governing
country(s).
16. Other information, including date of preparation or last revision
Issue date 04-08-2015
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Version # 01
Disclaimer The information in the sheet was written based on the best knowledge and experience currently
available.
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1. PRODUCT AND COMPANY IDENTIFICATION 
Product name : Oxygen  
 
 
Chemical formula  : O2 
 
Synonyms  : Oxygen, Oxygen gas, Gaseous Oxygen, GOX 
 
Product Use Description : General Industrial 
 
Manufacturer/Importer/Distribu
tor 
: Air Products and Chemicals, Inc 
7201 Hamilton Blvd. 
Allentown, PA 18195-1501 
GST No. 123600835 RT0001 
QST No. 102753981 TQ0001 
 
Telephone : 1-610-481-4911 Corporate 
1-800-224-2724 CSO 
 
Emergency telephone number 
(24h) 
: 800-523-9374 USA 
+1 610 481 7711 International 
 
2. HAZARDS IDENTIFICATION 
GHS classification 
Oxidizing gases  -      Category 1 
Gases under pressure  -      Compressed gas. 
 
GHS label elements 
Hazard pictograms/symbols 
  
 
 
 
 
 
Signal Word:    Danger 
 
Hazard Statements:  
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H270:May cause or intensify fire; oxidiser.  
H280:Contains gas under pressure; may explode if heated.  
 
Precautionary Statements: 
Prevention : P220:Keep away from clothing and other combustible materials.  
P244:Keep valves and fittings free from oil and grease.  
 
Response : P370+P376 :In case of fire: Stop leak if safe to do so.  
 
Storage : P410+P403:Protect from sunlight. Store in a well-ventilated place.  
 
 
Hazards not otherwise classified 
High pressure, oxidizing gas.  
Vigorously accelerates combustion.  
Keep oil, grease, and combustibles away.  
May react violently with combustible materials.  
 
 
 
3. COMPOSITION/INFORMATION ON INGREDIENTS 
Components  CAS Number  Concentration  
  (Volume)  
Oxygen 7782-44-7 100 %  
 
Concentration is nominal. For the exact product composition, please refer to technical specifications.  
 
4. FIRST AID MEASURES 
General advice : Remove victim to uncontaminated area wearing self contained breathing 
apparatus. Keep victim warm and rested. Call a doctor. Apply artificial 
respiration if breathing stopped.  
 
Eye contact : IF exposed or concerned: Get medical advice/attention.  
 
Skin contact : Adverse effects not expected from this product. IF exposed or concerned: Get 
medical advice/attention.  
 
Ingestion : Ingestion is not considered a potential route of exposure.  
 
Inhalation : Consult a physician after significant exposure. Move to fresh air. If breathing 
has stopped or is labored, give assisted respirations.  Supplemental oxygen 
may be indicated.  If the heart has stopped, trained personnel should begin 
cardiopulmonary resuscitation immediately.  
 
Most important 
symptoms/effects - acute and 
delayed 
: If oxygen is administered to persons with chronic  obstructive pulmonary 
disease, raising the oxygen concentration in the blood depresses their 
breathing and raises their retained carbon dioxide to a dangerous level. 
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Immediate Medical Attention and Special Treatment 
Treatment : If exposed or concerned: Get medical attention/advice.  
 
5. FIRE-FIGHTING MEASURES 
Suitable extinguishing media : All known extinguishing media can be used.  
 
Specific hazards : Upon exposure to intense heat or flame, cylinder will vent rapidly and or rupture 
violently. Oxidant. Strongly supports combustion. May react violently with 
combustible materials. Some materials which are noncombustible in air may 
burn in the presence of an oxidizer. Move away from container and cool with 
water from a protected position. Keep adjacent cylinders cool by spraying with 
large amounts of water until the fire burns itself out. If possible, stop flow of 
product. Most cylinders are designed to vent contents when  exposed to 
elevated temperatures.  
 
Special protective equipment 
for fire-fighters 
: Wear self contained breathing apparatus for fire fighting if necessary.   
 
Further information : Some materials that are noncombustible in air will burn in the presence of an 
oxygen enriched atmosphere (greater than 23.5%). Fire resistant clothing may 
burn and offer no protection in oxygen rich atmospheres.   
 
6. ACCIDENTAL RELEASE MEASURES 
Personal Precautions, 
Protective Equipment, and 
Emergency Procedures 
: Clothing exposed to high concentrations may retain oxygen 30 minutes or 
longer and become a potential fire hazard. Stay away from ignition sources. 
Evacuate personnel to safe areas. Wear self-contained breathing apparatus 
when entering area unless atmosphere is proved to be safe. Ventilate the area.  
 
Environmental precautions : Do not discharge into any place where its accumulation could be dangerous. 
Prevent further leakage or spillage if safe to do  so.  
 
Methods for cleaning up : Ventilate the area.  
 
Additional advice : If possible, stop flow of product. Increase ventilation to the release area and 
monitor concentrations. If leak is from cylinder or cylinder valve, call the 
emergency telephone number. If the leak is in the user's system, close the 
cylinder valve, safely vent the pressure, and purge with an inert gas before 
attempting repairs.  
 
7. HANDLING AND STORAGE 
Handling 
All gauges, valves, regulators, piping and equipment to be used in oxygen service must be cleaned for oxygen 
service. Oxygen is not to be used as a substitute for compressed air. Never use an oxygen jet for cleaning 
purposes of any sort, especially clothing, as it increases the likelihood of an engulfing fire. Only experienced and 
properly instructed persons should handle compressed gases/cryogenic liquids. Protect cylinders from physical 
damage; do not drag, roll, slide or drop. Do not allow storage area temperature to exceed 50°C (122°F). Before 
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using the product, determine its identity by reading the label. Know and understand the properties and hazards 
of the product before use. When doubt exists as to the correct handling procedure for a particular gas, contact 
the supplier. Do not remove or deface labels provided by the supplier for the identification of the cylinder 
contents. When moving cylinders, even for short distances, use a cart (trolley, hand truck, etc.) designed to 
transport cylinders. Leave valve protection caps in place until the container has been secured against either a 
wall or bench or placed in a container stand and is ready for use. Use an adjustable strap wrench to remove 
over-tight or rusted caps. Before connecting the container, check the complete gas system for suitability, 
particularly for pressure rating and materials. Before connecting the container for use, ensure that back feed 
from the system into the container is prevented. Ensure the complete gas system is compatible for pressure 
rating and materials of construction. Ensure the complete gas system has been checked for leaks before use. 
Employ suitable pressure regulating devices on all containers when the gas is being emitted to systems with 
lower pressure rating than that of the container. Never insert an object (e.g. wrench, screwdriver, pry bar, etc.) 
into valve cap openings. Doing so may damage valve, causing a leak to occur. If user experiences any difficulty 
operating cylinder valve discontinue use and contact supplier. Close container valve after each use and when 
empty, even if still connected to equipment. Never attempt to repair or modify container valves or safety relief 
devices. Damaged valves should be reported immediately to the supplier. Do not use containers as rollers or 
supports or for any other purpose than to contain the gas as supplied. Never strike an arc on a compressed gas 
cylinder or make a cylinder a part of an electrical circuit. Do not smoke while handling product or cylinders. 
Never re-compress a gas or a gas mixture without first consulting the supplier. Never attempt to transfer gases 
from one cylinder/container to another. Always use backflow protective device in piping. When returning cylinder 
install valve outlet cap or plug leak tight. Never permit oil, grease, or other readily combustible substances to 
come into contact with valves or containers containing oxygen or other oxidants. Do not use rapidly opening 
valves (e.g. ball valves). Open valve slowly to avoid pressure shock. Never pressurize the entire system at once. 
Use only with equipment cleaned for oxygen service and rated for cylinder pressure. Never use direct flame or 
electrical heating devices to raise the pressure of a container. Containers should not be subjected to 
temperatures above 50°C (122°F).  
 
Storage 
Open/close valve slowly. Close when not in use. Wear Safety Eye Protection. Check Safety Data Sheet before 
use. Do not change or force fit connections. Always keep container in upright position. Use a back flow 
preventative device in the piping. Use only with equipment cleaned for oxygen service and rated for cylinder 
pressure. Use only with equipment of compatible materials of construction, rated for cylinder pressure. 
Containers should be stored in a purpose build compound which should be well ventilated, preferably in the 
open air. Full containers should be stored so that oldest stock is used first. Stored containers should be 
periodically checked for general condition and leakage. Observe all regulations and local requirements 
regarding storage of containers. Protect containers stored in the open against rusting and extremes of weather. 
Containers should not be stored in conditions likely to encourage corrosion. Containers should be stored in the 
vertical position and properly secured to prevent toppling. The container valves should be tightly closed and 
where appropriate valve outlets should be capped or plugged. Container valve guards or caps should be in 
place. Keep containers tightly closed in a cool, well-ventilated place. Store containers in location free from fire 
risk and away from sources of heat and ignition. Full and empty cylinders should be segregated. Do not allow 
storage temperature to exceed 50°C (122°F). Display  "No Smoking or Open Flames" signs in the  storage 
areas. Return empty containers in a timely manner. Flammable storage areas should be separated from oxygen 
and other oxidizers by a minimum distance of 20 ft. (6.1 m.) or by a barrier of non-combustible material at least 5 
ft. (1.5 m.) high, having a fire resistance rating of at least 1/2 hour.  
 
Technical measures/Precautions 
Containers should be segregated in the storage area according to the various categories (e.g. flammable, toxic, 
etc.) and in accordance whit local regulations.  
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8. EXPOSURE CONTROLS / PERSONAL PROTECTION 
Engineering measures 
Ensure adequate ventilation. 
 
Personal protective equipment 
Respiratory protection : Users of breathing apparatus must be trained.  
 
Hand protection : Wear working gloves when handling gas containers. 
Chemical-resistant, impervious gloves complying with an approved standard 
should be worn at all times when handling chemical products if a risk 
assessment indicates this is necessary. 
 
Eye protection : Safety glasses recommended when handling cylinders. 
 
Skin and body protection : Safety shoes are recommended when handling cylinders. 
 
Special instructions for 
protection and hygiene 
: Ensure adequate ventilation, especially in confined areas. Gloves must be 
clean and free of oil and grease.  
 
 
 
 
9. PHYSICAL AND CHEMICAL PROPERTIES 
Appearance : Compressed gas.  Colorless gas   
 
Odor : No odor warning properties.   
 
Odor threshold : No data available. 
 
pH : Not applicable. 
 
Melting point/range : -362 °F (-219 °C)  
 
Boiling point/range  : -297 °F (-183 °C) 
 
Flash point : Not applicable. 
 
Evaporation rate : Not applicable. 
 
Flammability (solid, gas) : Refer to product classification in Section 2 
 
Upper/lower 
explosion/flammability limit 
: No data available. 
 
Vapor pressure : Not applicable. 
 
 
Water solubility : 0.039 g/l  
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Relative vapor density : 1.1 (air = 1)   
 
Relative density : 1.1 (water = 1)   
 
Partition coefficient (n-
octanol/water) 
: Not applicable. 
 
Auto-ignition temperature : No data available. 
 
Decomposition temperature : No data available. 
 
Viscosity : Not applicable. 
 
Molecular Weight : 32 g/mol   
 
Density :  0.081 lb/ft3 (0.0013 g/cm3) at 70 °F (21 °C) Note: (as vapor)   
 
Specific Volume : 12.08 ft3/lb (0.7540 m3/kg) at 70 °F (21 °C)  
 
 
10. STABILITY AND REACTIVITY 
Chemical Stability : Stable under normal conditions.  
 
Conditions to avoid : No data available. 
 
Materials to avoid : Flammable materials. 
Organic materials. 
Avoid oil, grease and all other combustible materials. 
 
Hazardous decomposition 
products 
: No data available. 
Possibility of hazardous 
Reactions/Reactivity 
: No data available. 
 
 
11. TOXICOLOGICAL INFORMATION 
11.1. Information on toxicological effects 
Likely routes of exposure 
Effects on Eye  : In case of direct contact with eyes, seek medical advice.  
 
Effects on Skin  : Adverse effects not expected from this product.  
 
Inhalation Effects  : Breathing 75% or more oxygen at atmospheric pressure for more than a few 
hours may cause nasal stuffiness, cough, sore throat, chest pain and breathing 
difficulty. Breathing pure oxygen under pressure may cause lung damage and 
also central nervous system effects.   
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Ingestion Effects  : Ingestion is not considered a potential route of exposure.  
 
Symptoms : No data available. 
 
Acute toxicity 
 
Acute Oral Toxicity : No data is available on the product itself.  
 
Inhalation : No data is available on the product itself.  
 
Acute Dermal Toxicity : No data is available on the product itself.  
 
Skin corrosion/irritation : No data available. 
 
Serious eye damage/eye 
irritation 
: No data available. 
 
Sensitization. : No data available. 
 
Chronic toxicity or effects from long term exposures 
 
Carcinogenicity : No data available. 
 
Reproductive toxicity : No data is available on the product itself. 
 
Germ cell mutagenicity : No data is available on the product itself. 
 
Specific target organ systemic 
toxicity (single exposure) 
: No data available. 
 
Specific target organ systemic 
toxicity (repeated exposure) 
: No data available. 
 
Aspiration hazard : No data available. 
 
Delayed and Immediate Effects and Chronic Effects from Short and Long Term Exposure
    
 
If oxygen is administered to persons with chronic  obstructive pulmonary disease, raising the oxygen concentration in the 
blood depresses their breathing and raises their retained carbon dioxide to a dangerous level. 
 
 
Premature infants exposed to high oxygen concentrations may suffer delayed retinal damage that can progress to retinal 
detachment and blindness. Retinal damage may also occur in adults exposed to 100% oxygen for extended periods (24 
to 48 hr). At two or more atmospheres central nervous system (CNS) toxicity occurs. Symptoms include nausea, 
vomiting, dizziness or vertigo, muscle twitching, vision changes and loss of consciousness and generalized seizures. At 
three atmospheres, CNS toxicity occurs in less than two hours and at six atmospheres in only a few minutes. 
 
 
12. ECOLOGICAL INFORMATION 
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Ecotoxicity effects 
Aquatic toxicity : No data is available on the product itself.  
 
Toxicity to other organisms : No data available. 
 
 
Persistence and degradability 
Biodegradability :  No data is available on the product itself.  
 
Mobility : Because of its high volatility, the product is unlikely to cause ground pollution.  
 
Bioaccumulation : Refer to Section 9 "Partition Coefficient (n-octanol/water)".  
 
   Further information 
No ecological damage caused by this product.   
 
 
13. DISPOSAL CONSIDERATIONS 
Waste from residues / unused 
products 
: Return unused product in original cylinder to supplier. Contact supplier if 
guidance is required.  
 
Contaminated packaging : Return cylinder to supplier.  
 
14. TRANSPORT INFORMATION 
DOT 
UN/ID No. : UN1072 
Proper shipping name : Oxygen, compressed 
Class or Division : 2.2 
Label(s) : 2.2 (5.1) 
Marine Pollutant : No 
 
IATA 
UN/ID No. : UN1072  
Proper shipping name : Oxygen, compressed 
Class or Division : 2.2 
Label(s) : 2.2 (5.1) 
Marine Pollutant : No 
 
IMDG 
UN/ID No. : UN1072  
Proper shipping name : OXYGEN, COMPRESSED 
Class or Division : 2.2 
Label(s) : 2.2 (5.1) 
Marine Pollutant : No 
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TDG 
UN/ID No. : UN1072 
Proper shipping name : OXYGEN, COMPRESSED 
Class or Division : 2.2 
Label(s) : 2.2 (5.1) 
Marine Pollutant : No 
 
Further Information 
Avoid transport on vehicles where the load space is not separated from the driver's compartment. 
Ensure vehicle driver is aware of the potential hazards of the load and knows what to do in the event 
of an accident or an emergency. The transportation information is not intended to convey all specific 
regulatory data relating to this material.  For complete transportation information, contact customer 
service. 
 
15. REGULATORY INFORMATION 
Toxic Substance Control Act (TSCA) 12(b) Component(s): 
 
None. 
 
Country  Regulatory list  Notification  
USA   TSCA Included on Inventory.  
EU   EINECS Included on Inventory.  
Canada   DSL Included on Inventory.  
Australia   AICS Included on Inventory.  
South Korea   ECL Included on Inventory.  
China   SEPA Included on Inventory.  
Philippines   PICCS Included on Inventory.  
Japan   ENCS Included on Inventory.  
  
 
EPA SARA Title III Section 312 (40 CFR 370) Hazard Classification 
 Fire Hazard.  Sudden Release of Pressure Hazard.   
 
 
US. California Safe Drinking Water & Toxic Enforcement Act (Proposition 65)  
This product does not contain any chemicals known to State of California to cause cancer, birth defects or any other 
harm.  
 
 
16. OTHER INFORMATION 
NFPA Rating  
Health  : 0   
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Fire : 0   
Instability  : 0   
Special  : OX   
 
HMIS Rating  
Health  : 0 
Flammability  : 0   
Physical hazard  : 3    
 
Prepared by  : Air Products and Chemicals, Inc. Global EH&S Product Safety Department  
 
 
Telephone : 1-610-481-4911 Corporate 
1-800-224-2724 CSO 
 
Preparation Date : 03/16/2019 
 
For additional information, please visit our Product Stewardship web site at 
http://www.airproducts.com/productstewardship/  
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1. PRODUCT AND COMPANY IDENTIFICATION 
Product name : Carbon dioxide (Refrigerated)  
 
 
Chemical formula  : CO2 
 
Synonyms  : Carbon dioxide (refrigerated) 
 
Product Use Description : General Industrial 
 
Manufacturer/Importer/Distribu
tor 
: Air Products and Chemicals, Inc 
7201 Hamilton Blvd. 
Allentown, PA 18195-1501 
GST No. 123600835 RT0001 
QST No. 102753981 TQ0001 
 
Telephone : 1-610-481-4911 Corporate 
1-800-224-2724 CSO 
 
Emergency telephone number 
(24h) 
: 800-523-9374 USA 
+1 610 481 7711 International 
 
2. HAZARDS IDENTIFICATION 
GHS classification 
Gases under pressure  -      Refrigerated liquefied gas 
 
GHS label elements 
Hazard pictograms/symbols 
  
 
 
 
 
 
Signal Word:    Warning 
 
Hazard Statements:  
H281:Contains refrigerated gas; may cause cryogenic burns or injury.  
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May displace oxygen and cause rapid suffocation.  
May increase respiration and heartrate.  
 
Precautionary Statements: 
Prevention : P282:Wear cold insulating gloves/face shield/eye protection.  
 
Response : P315 :Get immediate medical advice/attention.  
P336 :Thaw frosted parts with lukewarm water. Do not rub affected area.  
 
Storage : P403:Store in a well-ventilated place.  
 
 
Hazards not otherwise classified 
Extremely cold liquid and gas under pressure.  
Direct contact with liquid can cause frostbite.  
Can cause rapid suffocation.  
Avoid breathing gas.  
Self contained breathing apparatus (SCBA) may be required.  
 
 
 
3. COMPOSITION/INFORMATION ON INGREDIENTS 
Components  CAS Number  Concentration  
  (Volume)  
Carbon Dioxide 124-38-9 100 %  
 
Concentration is nominal. For the exact product composition, please refer to technical specifications.  
 
4. FIRST AID MEASURES 
General advice : Remove victim to uncontaminated area wearing self contained breathing 
apparatus. Keep victim warm and rested. Call a doctor. Apply artificial 
respiration if breathing stopped.  
 
Eye contact : In the case of contact with eyes, rinse immediately with plenty of water and 
seek medical advice. 
 Keep eye wide open while rinsing.  
 
Skin contact : In case of frostbite, obtain medical treatment immediately. As soon as practical, 
place the affected area in a warm water bath- which has a temperature not to 
exceed 40 °C (105 °F). Do not rub frozen parts as tissue damage may result. 
Cover wound with sterile dressing.  
 
Ingestion : Ingestion is not considered a potential route of exposure.  
 
Inhalation : Move to fresh air. If breathing has stopped or is labored, give assisted 
respirations.  Supplemental oxygen may be indicated.  If the heart has stopped, 
trained personnel should begin cardiopulmonary resuscitation immediately. In 
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case of shortness of breath, give oxygen.  
 
Most important 
symptoms/effects - acute and 
delayed 
: Exposure to oxygen deficient atmosphere may cause the following symptoms: 
Dizziness. Salivation. Nausea. Vomiting. Loss of 
mobility/consciousness.Shivering fit. Sweating. Blurred vision. Headache. 
Increased pulse rate. Shortness of breath. Rapid respiration. 
 
Immediate Medical Attention and Special Treatment 
Treatment : If exposed or concerned: Get medical attention/advice.  
 
5. FIRE-FIGHTING MEASURES 
Suitable extinguishing media : All known extinguishing media can be used.  
 
Specific hazards : Spill will rapidly vaporize forming an oxygen deficient vapor cloud. Vapor cloud 
may obscure visibility. Do not direct water spray at container vent. Move away 
from container and cool with water from a protected position. Keep containers 
and surroundings cool with water spray.  
 
Special protective equipment 
for fire-fighters 
: Wear self contained breathing apparatus for fire fighting if necessary.  
 
 
6. ACCIDENTAL RELEASE MEASURES 
Personal Precautions, 
Protective Equipment, and 
Emergency Procedures 
: Monitor carbon dioxide level. Evacuate personnel to safe areas. Ventilate the 
area. Monitor oxygen level. Wear self-contained breathing apparatus when 
entering area unless atmosphere is proved to be safe.  
 
Environmental precautions : Prevent further leakage or spillage. Prevent from entering sewers, basements 
and workpits, or any place where its accumulation can be dangerous. Do not 
discharge into any place where its accumulation could be dangerous.  
 
Methods for cleaning up : Ventilate the area.  
 
Additional advice : If possible, stop flow of product. Increase ventilation to the release area and 
monitor oxygen level. Vapor cloud may obscure visibility. Do not spray water 
directly at leak. If leak is from cylinder or cylinder valve, call the emergency 
telephone number. If the leak is in the user's system, close the cylinder valve 
and safely vent the pressure before attempting repairs.  
 
7. HANDLING AND STORAGE 
Handling 
Know and understand the properties and hazards of the product before use. Only experienced and properly 
instructed persons should handle compressed gases/cryogenic liquids. Before using the product, determine its 
identity by reading the label. Do not remove or deface labels provided by the supplier for the identification of the 
cylinder contents. Before connecting the container, check the complete gas system for suitability, particularly for 
pressure rating and materials. Before connecting the container for use, ensure that back feed from the system 
into the container is prevented. Close container valve after each use and when empty, even if still connected to 
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equipment. Never attempt to repair or modify container valves or safety relief devices. Damaged valves should 
be reported immediately to the supplier. If user experiences any difficulty operating cylinder valve discontinue 
use and contact supplier. Do not remove or interchange connections. Ensure the complete gas system has 
been checked for leaks before use. Prevent entrapment of cryogenic liquid in closed systems not protected with 
relief device. A small quantity of liquid produces large volumes of vaporized gas at atmospheric pressure. 
Containers used in shipment, storage, and transfer of cryogenic liquid are specially designed, well-insulated 
containers equipped with a pressure relief device and valves to control pressure. Under normal conditions, 
these containers will periodically vent product to limit pressure buildup. Ensure that the container is in a well–
ventilated area to avoid creating an oxygen–deficient atmosphere. Use adequate pressure relief in systems and 
piping to prevent pressure buildup; liquid in a closed container can generate extremely high pressures when 
vaporized by warming. Employ suitable pressure regulating devices on all containers when the gas is being 
emitted to systems with lower pressure rating than that of the container. Only transfer lines designed for 
cryogenic liquids shall be used. Do not subject containers to abnormal mechanical shock. When moving 
cylinders, even for short distances, use a cart (trolley, hand truck, etc.) designed to transport cylinders. When 
doubt exists as to the correct handling procedure for a particular gas, contact the supplier.  
 
Storage 
Open/close valve slowly. Close when not in use. Wear Safety Eye Protection. Check Safety Data Sheet before 
use. Use a back flow preventative device in the piping. Do not change or force fit connections. Close valve after 
each use and when empty. Always keep container in upright position. Read and follow the Safety Data Sheet 
(SDS) before use. Do not allow storage temperature to exceed 50°C (122°F). Containers should be stored in a 
purpose build compound which should be well ventilated, preferably in the open air. Full containers should be 
stored so that oldest stock is used first. Do not store in a confined space. Full and empty cylinders should be 
segregated. Store containers in location free from fire risk and away from sources of heat and ignition. Return 
empty containers in a timely manner. Stored containers should be periodically checked for general condition and 
leakage. Protect containers stored in the open against rusting and extremes of weather. Containers should not 
be stored in conditions likely to encourage corrosion. Cryogenic containers are equipped with pressure relief 
devices to control internal pressure.  Under normal conditions these containers will periodically vent product. All 
vents should be piped to the exterior of the building. Observe all regulations and local requirements regarding 
storage of containers.  
 
 
8. EXPOSURE CONTROLS / PERSONAL PROTECTION 
Engineering measures 
Provide natural or mechanical ventilation to prevent accumulation above exposure limits. 
Natural or mechanical to prevent oxygen deficient atmospheres below 19.5% oxygen. 
Keep self contained breathing apparatus readily available for emergency use. 
 
Personal protective equipment 
Respiratory protection : Self contained breathing apparatus (SCBA) or positive pressure airline with 
mask are to be used in oxygen-deficient atmosphere. 
 Air purifying respirators will not provide protection. Users of breathing 
apparatus must be trained.  
 
Hand protection : Wear working gloves when handling gas containers. 
If the operation involves possible exposure to a cryogenic liquid, wear loose 
fitting thermal insulated or cryo-gloves. 
 
Eye protection : Safety glasses recommended when handling cylinders. 
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Protect eyes, face and skin from liquid splashes. 
Wear goggles and a face shield when transfilling or breaking transfer 
connections. 
 
Skin and body protection : Never allow any unprotected part of the body to touch uninsulated pipes or 
vessels which contain cryogenic fluids.  The extremely cold metal will cause the 
flesh to stick fast and tear when one attempts to withdraw from it. 
Safety shoes are recommended when handling cylinders. 
 
Special instructions for 
protection and hygiene 
: Ensure adequate ventilation, especially in confined areas.  
 
Exposure limit(s) 
 
Carbon Dioxide Time Weighted Average (TWA): ACGIH 5,000 ppm   - 
Carbon Dioxide Short Term Exposure Limit (STEL): ACGIH 30,000 ppm   - 
Carbon Dioxide Recommended exposure limit (REL): NIOSH 5,000 ppm   9,000 mg/m3   
Carbon Dioxide Short Term Exposure Limit (STEL): NIOSH 30,000 ppm   54,000 mg/m3  
Carbon Dioxide Permissible exposure limit: OSHA Z1 5,000 ppm   9,000 mg/m3   
Carbon Dioxide Time Weighted Average (TWA): TN OEL 10,000 ppm   18,000 mg/m3  
Carbon Dioxide Short Term Exposure Limit (STEL): TN OEL 30,000 ppm   54,000 mg/m3  
 
 
Remarks : Simple asphyxiant.   
 
9. PHYSICAL AND CHEMICAL PROPERTIES 
Appearance : Liquefied gas.  Colorless.   
 
Odor : No odor warning properties.   
 
Odor threshold : No data available. 
 
pH : Not applicable. 
 
Melting point/range : -70 °F (-56.6 °C)  
 
Boiling point/range  : -109 °F (-78.5 °C) 
 
Flash point : Not applicable. 
 
Evaporation rate : Not applicable. 
 
Flammability (solid, gas) : Refer to product classification in Section 2 
 
Upper/lower 
explosion/flammability limit 
: No data available. 
 
Vapor pressure : 831.04 psia (57.30 bara) at 68 °F (20 °C)  
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Water solubility : 2.000 g/l  
 
 
Relative vapor density : 1.52 (air = 1)   
 
Relative density : 1.03 (water = 1)   
 
Partition coefficient (n-
octanol/water) 
: Not applicable. 
 
Auto-ignition temperature : No data available. 
 
Decomposition temperature : No data available. 
 
Viscosity : Not applicable. 
 
Molecular Weight : 44 g/mol   
 
 
10. STABILITY AND REACTIVITY 
Chemical Stability : Stable under normal conditions.  
 
Conditions to avoid : No data available. 
 
Materials to avoid : Carbon steel. 
 
Hazardous decomposition 
products 
: Under normal conditions of storage and use, hazardous decomposition 
products should not be produced. 
 
Possibility of hazardous 
Reactions/Reactivity 
: No data available. 
 
 
11. TOXICOLOGICAL INFORMATION 
11.1. Information on toxicological effects 
Likely routes of exposure 
Effects on Eye  : Contact with liquid may cause cold burns/frostbite.  
 
Effects on Skin  : Contact with liquid may cause cold burns/frostbite. May cause severe frostbite.  
 
Inhalation Effects  : Concentrations of 10% CO2 or more can produce unconsciousness or death. 
Unlike simple asphyxiants, carbon dioxide has the ability to cause death even 
when normal oxygen levels (20-21%) are maintained. Carbon Dioxide is 
physiologically active, affecting circulation and breathing.  At concentrations 
between 2 and 10%, carbon dioxide can cause nausea, dizziness, headache, 
mental confusion, increased blood pressure and respiratory rate. In high 
concentrations may cause asphyxiation. Symptoms may include loss of 
mobility/consciousness. Victim may not be aware of asphyxiation. Asphyxiation 
may bring about unconsciousness without warning and so rapidly that victim 
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may be unable to protect themselves.  
 
Ingestion Effects  : Ingestion is not considered a potential route of exposure.  
 
Symptoms : Exposure to oxygen deficient atmosphere may cause the following symptoms: 
Dizziness. Salivation. Nausea. Vomiting. Loss of mobility/consciousness. 
Shivering fit. Sweating. Blurred vision. Headache. Increased pulse rate. 
Shortness of breath. Rapid respiration.  
 
Acute toxicity 
 
Acute Oral Toxicity : No data is available on the product itself.  
 
Inhalation : Unlike simple asphyxiants, carbon dioxide has the ability to cause death even 
when normal oxygen levels (20-21%) are maintained. 5% CO2 has been found 
to act synergistically to increase the toxicity of certain other gases (CO, NO2). 
CO2 has been shown to enhance the production of carboxy- or met-
hemoglobin by these gases possibly due to carbon dioxide’s stimulatory effects 
on the respiratory and circulatory systems.  
 
Acute Dermal Toxicity : No data is available on the product itself.  
 
Skin corrosion/irritation : No data available. 
 
Serious eye damage/eye 
irritation 
: No data available. 
 
Sensitization. : No data available. 
 
Chronic toxicity or effects from long term exposures 
 
Carcinogenicity : No data available. 
 
Reproductive toxicity : No data is available on the product itself. 
 
Germ cell mutagenicity : No data is available on the product itself. 
 
Specific target organ systemic 
toxicity (single exposure) 
: No data available. 
 
Specific target organ systemic 
toxicity (repeated exposure) 
: No data available. 
 
Aspiration hazard : No data available. 
 
Delayed and Immediate Effects and Chronic Effects from Short and Long Term Exposure
    
 
Not applicable. 
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12. ECOLOGICAL INFORMATION 
Ecotoxicity effects 
Aquatic toxicity : Not applicable.  
 
Toxicity to fish - Components
Carbon Dioxide LC50 (1 h) : 240 mg/l Species : Rainbow 
trout (Oncorhynchus 
mykiss).  
Carbon Dioxide LC50 (96 h) : 35 mg/l Species : Rainbow 
trout (Oncorhynchus 
mykiss).  
 
Toxicity to other organisms : Not applicable.  
 
 
Persistence and degradability 
Biodegradability :  No data is available on the product itself.  
 
Mobility : Because of its high volatility, the product is unlikely to cause ground pollution.  
 
Bioaccumulation : Refer to Section 9 "Partition Coefficient (n-octanol/water)".  
 
   Further information 
When discharged in large quantities may contribute to the greenhouse effect.   
 
 
13. DISPOSAL CONSIDERATIONS 
Waste from residues / unused 
products 
: Return unused product in original cylinder to supplier. Contact supplier if 
guidance is required.  
 
Contaminated packaging : Return cylinder to supplier.  
 
14. TRANSPORT INFORMATION 
DOT 
UN/ID No. : UN2187 
Proper shipping name : Carbon dioxide, refrigerated liquid 
Class or Division : 2.2 
Label(s) : 2.2  
Marine Pollutant : No 
 
IATA 
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UN/ID No. : UN2187  
Proper shipping name : Carbon dioxide, refrigerated liquid 
Class or Division : 2.2 
Label(s) : 2.2  
Marine Pollutant : No 
 
IMDG 
UN/ID No. : UN2187  
Proper shipping name : CARBON DIOXIDE, REFRIGERATED LIQUID 
Class or Division : 2.2 
Label(s) : 2.2  
Marine Pollutant : No 
 
TDG 
UN/ID No. : UN2187 
Proper shipping name : CARBON DIOXIDE, REFRIGERATED LIQUID 
Class or Division : 2.2 
Label(s) : 2.2  
Marine Pollutant : No 
 
Further Information 
Avoid transport on vehicles where the load space is not separated from the driver's compartment. 
Ensure vehicle driver is aware of the potential hazards of the load and knows what to do in the event 
of an accident or an emergency. The transportation information is not intended to convey all specific 
regulatory data relating to this material.  For complete transportation information, contact customer 
service. 
 
15. REGULATORY INFORMATION 
Toxic Substance Control Act (TSCA) 12(b) Component(s): 
 
None. 
 
Country  Regulatory list  Notification  
USA   TSCA Included on Inventory.  
EU   EINECS Included on Inventory.  
Canada   DSL Included on Inventory.  
Australia   AICS Included on Inventory.  
Japan   ENCS Included on Inventory.  
South Korea   ECL Included on Inventory.  
China   SEPA Included on Inventory.  
Philippines   PICCS Included on Inventory.  
  
 
EPA SARA Title III Section 312 (40 CFR 370) Hazard Classification 
 Acute Health Hazard   
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US. California Safe Drinking Water & Toxic Enforcement Act (Proposition 65)  
This product does not contain any chemicals known to State of California to cause cancer, birth defects or any other 
harm.  
 
 
16. OTHER INFORMATION 
 
Prepared by  : Air Products and Chemicals, Inc. Global EH&S Product Safety Department  
 
 
Telephone : 1-610-481-4911 Corporate 
1-800-224-2724 CSO 
 
Preparation Date : 04/06/2019 
 
For additional information, please visit our Product Stewardship web site at 
http://www.airproducts.com/productstewardship/  
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Material Safety Data Sheet
Water MSDS
Section 1: Chemical Product and Company Identification
Product Name: Water
Catalog Codes: SLW1063
CAS#: 7732-18-5
RTECS: ZC0110000
TSCA: TSCA 8(b) inventory: Water
CI#: Not available.
Synonym:   Dihydrogen oxide
Chemical Name: Water
Chemical Formula: H2O
Contact Information:
Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396
US Sales: 1-800-901-7247
International Sales: 1-281-441-4400
Order Online: ScienceLab.com
CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300
International CHEMTREC, call: 1-703-527-3887
For non-emergency assistance, call: 1-281-441-4400
Section 2: Composition and Information on Ingredients
Composition:
Name CAS # % by Weight
Water 7732-18-5 100
Toxicological Data on Ingredients: Not applicable.
Section 3: Hazards Identification
Potential Acute Health Effects:
Non-corrosive for skin. Non-irritant for skin. Non-sensitizer for skin. Non-permeator by skin. Non-irritating to the eyes. Non-
hazardous in case of ingestion. Non-hazardous in case of inhalation. Non-irritant for lungs. Non-sensitizer for lungs. Non-
corrosive to the eyes. Non-corrosive for lungs.
Potential Chronic Health Effects:
Non-corrosive for skin. Non-irritant for skin. Non-sensitizer for skin. Non-permeator by skin. Non-irritating to the eyes.
Non-hazardous in case of ingestion. Non-hazardous in case of inhalation. Non-irritant for lungs. Non-sensitizer for lungs.
CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Not available. TERATOGENIC EFFECTS: Not available.
DEVELOPMENTAL TOXICITY: Not available.
Section 4: First Aid Measures
Eye Contact: Not applicable.
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Skin Contact: Not applicable.
Serious Skin Contact: Not available.
Inhalation: Not applicable.
Serious Inhalation: Not available.
Ingestion: Not Applicable
Serious Ingestion: Not available.
Section 5: Fire and Explosion Data
Flammability of the Product: Non-flammable.
Auto-Ignition Temperature: Not applicable.
Flash Points: Not applicable.
Flammable Limits: Not applicable.
Products of Combustion: Not available.
Fire Hazards in Presence of Various Substances: Not applicable.
Explosion Hazards in Presence of Various Substances: Not Applicable
Fire Fighting Media and Instructions: Not applicable.
Special Remarks on Fire Hazards: Not available.
Special Remarks on Explosion Hazards: Not available.
Section 6: Accidental Release Measures
Small Spill: Mop up, or absorb with an inert dry material and place in an appropriate waste disposal container.
Large Spill: Absorb with an inert material and put the spilled material in an appropriate waste disposal.
Section 7: Handling and Storage
Precautions: No specific safety phrase has been found applicable for this product.
Storage: Not applicable.
Section 8: Exposure Controls/Personal Protection
Engineering Controls: Not Applicable
Personal Protection: Safety glasses. Lab coat.
Personal Protection in Case of a Large Spill: Not Applicable
Exposure Limits: Not available.
Section 9: Physical and Chemical Properties
Physical state and appearance: Liquid.
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Odor: Odorless.
Taste: Not available.
Molecular Weight: 18.02 g/mole
Color: Colorless.
pH (1% soln/water): 7 [Neutral.]
Boiling Point: 100°C (212°F)
Melting Point: Not available.
Critical Temperature: Not available.
Specific Gravity: 1 (Water = 1)
Vapor Pressure: 2.3 kPa (@ 20°C)
Vapor Density: 0.62 (Air = 1)
Volatility: Not available.
Odor Threshold: Not available.
Water/Oil Dist. Coeff.: Not available.
Ionicity (in Water): Not available.
Dispersion Properties: Not applicable
Solubility: Not Applicable
Section 10: Stability and Reactivity Data
Stability: The product is stable.
Instability Temperature: Not available.
Conditions of Instability: Not available.
Incompatibility with various substances: Not available.
Corrosivity: Not available.
Special Remarks on Reactivity: Not available.
Special Remarks on Corrosivity: Not available.
Polymerization: Will not occur.
Section 11: Toxicological Information
Routes of Entry: Absorbed through skin. Eye contact.
Toxicity to Animals:
LD50: [Rat] - Route: oral; Dose: > 90 ml/kg LC50: Not available.
Chronic Effects on Humans: Not available.
Other Toxic Effects on Humans:
Non-corrosive for skin. Non-irritant for skin. Non-sensitizer for skin. Non-permeator by skin. Non-hazardous in case of
ingestion. Non-hazardous in case of inhalation. Non-irritant for lungs. Non-sensitizer for lungs. Non-corrosive to the eyes. Non-
corrosive for lungs.
Special Remarks on Toxicity to Animals: Not available.
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Special Remarks on Chronic Effects on Humans: Not available.
Special Remarks on other Toxic Effects on Humans: Not available.
Section 12: Ecological Information
Ecotoxicity: Not available.
BOD5 and COD: Not available.
Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.
Toxicity of the Products of Biodegradation: The product itself and its products of degradation are not toxic.
Special Remarks on the Products of Biodegradation: Not available.
Section 13: Disposal Considerations
Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental control regulations.
Section 14: Transport Information
DOT Classification: Not a DOT controlled material (United States).
Identification: Not applicable.
Special Provisions for Transport: Not applicable.
Section 15: Other Regulatory Information
Federal and State Regulations: TSCA 8(b) inventory: Water
Other Regulations: EINECS: This product is on the European Inventory of Existing Commercial Chemical Substances.
Other Classifications:
WHMIS (Canada): Not controlled under WHMIS (Canada).
DSCL (EEC):
This product is not classified according to the EU regulations. Not applicable.
HMIS (U.S.A.):
Health Hazard: 0
Fire Hazard: 0
Reactivity: 0
Personal Protection: a
National Fire Protection Association (U.S.A.):
Health: 0
Flammability: 0
Reactivity: 0
Specific hazard:
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Protective Equipment:
Not applicable. Lab coat. Not applicable. Safety glasses.
Section 16: Other Information
References: Not available.
Other Special Considerations: Not available.
Created: 10/10/2005 08:33 PM
Last Updated: 05/21/2013 12:00 PM
The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if ScienceLab.com
has been advised of the possibility of such damages.
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Ethylene Oxide
oxirane; Oxirane (ethylene oxide)
SAFETY DATA SHEET
GHS product identifier
Other means of 
identification
24-hour telephone
Section 1. Identification
:
:
:
Chemical name : ethylene oxide
Supplier's details :
Ethylene Oxide
Product use : Synthetic/Analytical chemistry.
Airgas USA, LLC and its affiliates
259 North Radnor-Chester Road
Suite 100
Radnor, PA 19087-5283
1-610-687-5253
1-866-734-3438
SDS # : 001081
Synonym : oxirane; Oxirane (ethylene oxide)
Section 2. Hazards identification
FLAMMABLE GASES - Category 1
GASES UNDER PRESSURE - Liquefied gas
ACUTE TOXICITY (inhalation) - Category 3
SKIN CORROSION/IRRITATION - Category 2
SERIOUS EYE DAMAGE/ EYE IRRITATION - Category 2A
GERM CELL MUTAGENICITY - Category 1B
CARCINOGENICITY - Category 1B
SPECIFIC TARGET ORGAN TOXICITY (SINGLE EXPOSURE) (Respiratory tract 
irritation) - Category 3
Classification of the 
substance or mixture
:
Signal word : Danger
Hazard statements : Extremely flammable gas.
May form explosive mixtures with air.
Contains gas under pressure; may explode if heated.
May cause frostbite.
Toxic if inhaled.
Causes serious eye irritation.
Causes skin irritation.
May cause genetic defects.
May cause cancer.
May cause respiratory irritation.
Hazard pictograms :
Precautionary statements
GHS label elements
General : Read and follow all Safety Data Sheets (SDS’S) before use.  Read label before use.
Keep out of reach of children.  If medical advice is needed, have product container or 
label at hand.  Close valve after each use and when empty.  Use equipment rated for 
cylinder pressure.  Do not open valve until connected to equipment prepared for use.
Use a back flow preventative device in the piping.  Use only equipment of compatible 
materials of construction.  Always keep container in upright position.  Approach 
suspected leak area with caution.
OSHA/HCS status : This material is considered hazardous by the OSHA Hazard Communication Standard 
(29 CFR 1910.1200).
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Section 2. Hazards identification
Prevention : Obtain special instructions before use.  Do not handle until all safety precautions have 
been read and understood.  Wear protective gloves.  Wear eye or face protection.
Wear protective clothing.  Keep away from heat, hot surfaces, sparks, open flames and 
other ignition sources. No smoking.  Use only outdoors or in a well-ventilated area.
Avoid breathing gas.  Wash hands thoroughly after handling.
Response : IF exposed or concerned:  Get medical attention.  IF INHALED:  Remove person to 
fresh air and keep comfortable for breathing.  Call a POISON CENTER or physician.  IF 
ON SKIN:  Wash with plenty of soap and water.  Take off contaminated clothing and 
wash it before reuse.  If skin irritation occurs:  Get medical attention.  IF IN EYES:
Rinse cautiously with water for several minutes.  Remove contact lenses, if present and 
easy to do. Continue rinsing.  If eye irritation persists:  Get medical attention.  Leaking 
gas fire: Do not extinguish, unless leak can be stopped safely.  Eliminate all ignition 
sources if safe to do so.
Storage : Store locked up.  Protect from sunlight when ambient temperature exceeds 52°C/125°F.
Store in a well-ventilated place.
Disposal : Dispose of contents and container in accordance with all local, regional, national and 
international regulations.
Hazards not otherwise 
classified
: Liquid can cause burns similar to frostbite.
Section 3. Composition/information on ingredients
ethylene oxide 100 75-21-8
Ingredient name CAS number%
There are no additional ingredients present which, within the current knowledge of the supplier and in the 
concentrations applicable, are classified as hazardous to health or the environment and hence require reporting 
in this section.
Chemical name : ethylene oxide
Other means of 
identification
: oxirane; Oxirane (ethylene oxide)
CAS number : 75-21-8
Substance/mixture
Product code : 001081
CAS number/other identifiers
:
Occupational exposure limits, if available, are listed in Section 8.
Substance
Any concentration shown as a range is to protect confidentiality or is due to batch variation.
Immediately flush eyes with plenty of water, occasionally lifting the upper and lower 
eyelids.  Check for and remove any contact lenses.  Continue to rinse for at least 10 
minutes.  Get medical attention.
Flush contaminated skin with plenty of water.  Remove contaminated clothing and 
shoes.  To avoid the risk of static discharges and gas ignition, soak contaminated 
clothing thoroughly with water before removing it.  Continue to rinse for at least 10 
minutes.  Get medical attention.  In case of contact with liquid, warm frozen tissues 
slowly with lukewarm water and get medical attention.  Do not rub affected area.  Wash 
clothing before reuse.  Clean shoes thoroughly before reuse.
Remove victim to fresh air and keep at rest in a position comfortable for breathing.  If it 
is suspected that fumes are still present, the rescuer should wear an appropriate mask 
or self-contained breathing apparatus.  If not breathing, if breathing is irregular or if 
respiratory arrest occurs, provide artificial respiration or oxygen by trained personnel.  It 
may be dangerous to the person providing aid to give mouth-to-mouth resuscitation.
Get medical attention.  If necessary, call a poison center or physician.  If unconscious,
place in recovery position and get medical attention immediately.  Maintain an open 
airway.  Loosen tight clothing such as a collar, tie, belt or waistband.
Section 4. First aid measures
Eye contact
Skin contact
Inhalation
:
:
:
Description of necessary first aid measures
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Section 4. First aid measures
Remove victim to fresh air and keep at rest in a position comfortable for breathing.  Get 
medical attention.  Ingestion of liquid can cause burns similar to frostbite.  If frostbite 
occurs, get medical attention.  Never give anything by mouth to an unconscious person.
If unconscious, place in recovery position and get medical attention immediately.
Maintain an open airway.  Loosen tight clothing such as a collar, tie, belt or waistband.
As this product rapidly becomes a gas when released, refer to the inhalation section.
Ingestion :
Protection of first-aiders : No action shall be taken involving any personal risk or without suitable training.  If it is 
suspected that fumes are still present, the rescuer should wear an appropriate mask or 
self-contained breathing apparatus.  It may be dangerous to the person providing aid to 
give mouth-to-mouth resuscitation.  Wash contaminated clothing thoroughly with water 
before removing it, or wear gloves.
Notes to physician : Treat symptomatically.  Contact poison treatment specialist immediately if large 
quantities have been ingested or inhaled.
Specific treatments : No specific treatment.
Most important symptoms/effects, acute and delayed
Inhalation : Toxic if inhaled.  May cause respiratory irritation.
Ingestion of liquid can cause burns similar to frostbite.:Ingestion
Skin contact : Causes skin irritation.  Dermal contact with rapidly evaporating liquid could result in 
freezing of the tissues or frostbite.
Causes serious eye irritation.  Liquid can cause burns similar to frostbite.:Eye contact
Over-exposure signs/symptoms
Skin contact
Ingestion
Inhalation Adverse symptoms may include the following:, respiratory tract irritation, coughing
Adverse symptoms may include the following:, frostbite
Adverse symptoms may include the following:, irritation, redness, frostbite
:
:
:
Eye contact : Adverse symptoms may include the following:, pain or irritation, watering, redness,
frostbite
Potential acute health effects
See toxicological information (Section 11)
Indication of immediate medical attention and special treatment needed, if necessary
Frostbite : Try to warm up the frozen tissues and seek medical attention.
Section 5. Fire-fighting measures
Hazardous thermal 
decomposition products
Specific hazards arising 
from the chemical
Decomposition products may include the following materials:
carbon dioxide
carbon monoxide
Contains gas under pressure.  Extremely flammable gas.  In a fire or if heated, a 
pressure increase will occur and the container may burst, with the risk of a subsequent 
explosion.  The vapor/gas is heavier than air and will spread along the ground.  Gas 
may accumulate in low or confined areas or travel a considerable distance to a source 
of ignition and flash back, causing fire or explosion.
Use an extinguishing agent suitable for the surrounding fire.
Extinguishing media
:
:
None known.
Suitable extinguishing 
media
:
Unsuitable extinguishing 
media
:
Date of issue/Date of revision : 9/12/2017 Date of previous issue : 9/30/2016 Version : 1 3/13300
Ethylene Oxide
Section 5. Fire-fighting measures
Promptly isolate the scene by removing all persons from the vicinity of the incident if 
there is a fire.  No action shall be taken involving any personal risk or without suitable 
training.  Contact supplier immediately for specialist advice.  Move containers from fire 
area if this can be done without risk.  Use water spray to keep fire-exposed containers 
cool.  If involved in fire, shut off flow immediately if it can be done without risk.  If this is 
impossible, withdraw from area and allow fire to burn.  Fight fire from protected location 
or maximum possible distance.  Eliminate all ignition sources if safe to do so.
Fire-fighters should wear appropriate protective equipment and self-contained breathing 
apparatus (SCBA) with a full face-piece operated in positive pressure mode.  For 
incidents involving large quantities, thermally insulated undergarments and thick textile 
or leather gloves should be worn.
Special protective 
equipment for fire-fighters
:
Special protective actions 
for fire-fighters
:
Section 6. Accidental release measures
Environmental precautions
Personal precautions, protective equipment and emergency procedures
Immediately contact emergency personnel.  Stop leak if without risk.  Use spark-proof 
tools and explosion-proof equipment.  Note: see Section 1 for emergency contact 
information and Section 13 for waste disposal.
:
: Accidental releases pose a serious fire or explosion hazard.  No action shall be taken 
involving any personal risk or without suitable training.  Evacuate surrounding areas.
Keep unnecessary and unprotected personnel from entering.  Do not touch or walk 
through spilled material.  Shut off all ignition sources.  No flares, smoking or flames in 
hazard area.  Do not breathe gas.  Provide adequate ventilation.  Wear appropriate 
respirator when ventilation is inadequate.  Put on appropriate personal protective 
equipment.
Ensure emergency procedures to deal with accidental gas releases are in place to avoid 
contamination of the environment.  Avoid dispersal of spilled material and runoff and 
contact with soil, waterways, drains and sewers.  Inform the relevant authorities if the 
product has caused environmental pollution (sewers, waterways, soil or air).
Large spill :
Immediately contact emergency personnel.  Stop leak if without risk.  Use spark-proof 
tools and explosion-proof equipment.
Small spill :
Methods and materials for containment and cleaning up
For non-emergency 
personnel
For emergency responders : If specialized clothing is required to deal with the spillage, take note of any information in 
Section 8 on suitable and unsuitable materials.  See also the information in "For non-
emergency personnel".
Section 7. Handling and storage
Advice on general 
occupational hygiene
Eating, drinking and smoking should be prohibited in areas where this material is 
handled, stored and processed.  Workers should wash hands and face before eating,
drinking and smoking.  Remove contaminated clothing and protective equipment before 
entering eating areas.  See also Section 8 for additional information on hygiene 
measures.
:
Protective measures Put on appropriate personal protective equipment (see Section 8).  Contains gas under 
pressure.  Avoid exposure - obtain special instructions before use.  Do not handle until 
all safety precautions have been read and understood.  Do not get in eyes or on skin or 
clothing.  Do not breathe gas.  Use only with adequate ventilation.  Wear appropriate 
respirator when ventilation is inadequate.  Do not enter storage areas and confined 
spaces unless adequately ventilated.  Store and use away from heat, sparks, open 
flame or any other ignition source.  Use explosion-proof electrical (ventilating, lighting 
and material handling) equipment.  Use only non-sparking tools.  Empty containers 
retain product residue and can be hazardous.  Do not puncture or incinerate container.
Use equipment rated for cylinder pressure.  Close valve after each use and when empty.
Protect cylinders from physical damage; do not drag, roll, slide, or drop.  Use a suitable 
hand truck for cylinder movement.
:
Precautions for safe handling
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Section 7. Handling and storage
Conditions for safe storage,
including any 
incompatibilities
Store in accordance with local regulations.  Store in a segregated and approved area.
Store away from direct sunlight in a dry, cool and well-ventilated area, away from 
incompatible materials (see Section 10).  Store locked up.  Eliminate all ignition sources.
Keep container tightly closed and sealed until ready for use.  Cylinders should be stored 
upright, with valve protection cap in place, and firmly secured to prevent falling or being 
knocked over. Cylinder temperatures should not exceed 52 °C (125 °F).
:
ethylene oxide ACGIH TLV (United States, 3/2015).
  TWA: 1.8 mg/m³ 8 hours.
  TWA: 1 ppm 8 hours.
NIOSH REL (United States, 10/2013).
  CEIL: 9 mg/m³ 10 minutes.
  CEIL: 5 ppm 10 minutes.
  TWA: 0.18 mg/m³ 10 hours.
  TWA: 0.1 ppm 10 hours.
OSHA PEL (United States, 2/2013).
  STEL: 5 ppm 15 minutes.
  TWA: 1 ppm 8 hours.
OSHA PEL 1989 (United States, 3/1989).
  STEL: 5 ppm 15 minutes.
  TWA: 1 ppm 8 hours.
Section 8. Exposure controls/personal protection
Ingredient name Exposure limits
Hand protection Chemical-resistant, impervious gloves complying with an approved standard should be 
worn at all times when handling chemical products if a risk assessment indicates this is 
necessary.  If contact with the liquid is possible, insulated gloves suitable for low 
temperatures should be worn.  Considering the parameters specified by the glove 
manufacturer, check during use that the gloves are still retaining their protective 
properties.  It should be noted that the time to breakthrough for any glove material may 
be different for different glove manufacturers.  In the case of mixtures, consisting of 
several substances, the protection time of the gloves cannot be accurately estimated.
Safety eyewear complying with an approved standard should be used when a risk 
assessment indicates this is necessary to avoid exposure to liquid splashes, mists,
gases or dusts.  If contact is possible, the following protection should be worn, unless 
the assessment indicates a higher degree of protection:  chemical splash goggles.
Eye/face protection
:
:
Environmental exposure 
controls
: Emissions from ventilation or work process equipment should be checked to ensure 
they comply with the requirements of environmental protection legislation.  In some 
cases, fume scrubbers, filters or engineering modifications to the process equipment 
will be necessary to reduce emissions to acceptable levels.
Appropriate engineering 
controls
: Use only with adequate ventilation.  Use process enclosures, local exhaust ventilation or 
other engineering controls to keep worker exposure to airborne contaminants below any 
recommended or statutory limits.  The engineering controls also need to keep gas,
vapor or dust concentrations below any lower explosive limits.  Use explosion-proof 
ventilation equipment.
Wash hands, forearms and face thoroughly after handling chemical products, before 
eating, smoking and using the lavatory and at the end of the working period.
Appropriate techniques should be used to remove potentially contaminated clothing.
Wash contaminated clothing before reusing.  Ensure that eyewash stations and safety 
showers are close to the workstation location.
Hygiene measures :
Control parameters
Individual protection measures
Occupational exposure limits
Skin protection
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Section 8. Exposure controls/personal protection
Use a properly fitted, air-purifying or air-fed respirator complying with an approved 
standard if a risk assessment indicates this is necessary.  Respirator selection must be 
based on known or anticipated exposure levels, the hazards of the product and the safe 
working limits of the selected respirator.
Respiratory protection :
Body protection Personal protective equipment for the body should be selected based on the task being 
performed and the risks involved and should be approved by a specialist before 
handling this product.  When there is a risk of ignition from static electricity, wear anti-
static protective clothing.  For the greatest protection from static discharges, clothing 
should include anti-static overalls, boots and gloves.
:
Other skin protection : Appropriate footwear and any additional skin protection measures should be selected 
based on the task being performed and the risks involved and should be approved by a 
specialist before handling this product.
Section 9. Physical and chemical properties
Physical state
Vapor pressure
Relative density
Vapor density
Solubility
Gas. [Liquefied compressed gas.]
Not applicable.
1.5  (Air = 1)
22  (psia)
Not available.
Characteristic.Odor
pH
Colorless.Color
Evaporation rate 109.5 (butyl acetate = 1)
Auto-ignition temperature
Flash point
429°C (804.2°F)
Closed cup: -29°C (-20.2°F)
Open cup: -29.15°C (-20.5°F)
-0.3
Not available.
Viscosity Not applicable.
Not available.Odor threshold
Partition coefficient: n-
octanol/water
:
:
:
:
:
:
:
:
:
:
:
:
:
:
Appearance
Flammability (solid, gas) : Not available.
Lower and upper explosive 
(flammable) limits
: Lower: 3%
Upper: 100%
Burning rate Not applicable.:
Burning time : Not applicable.
SADT Not available.:
Decomposition temperature : Not available.
Solubility in water : Not available.
10.7°C (51.3°F)
-111.7°C (-169.1°F)
195.85°C (384.5°F)
44.06 g/mole
Boiling/condensation point
Melting/freezing point
Molecular weight
Critical temperature
C2-H4-OMolecular formula
:
:
:
:
:
Specific Volume (ft 3/lb) : 8.7719
Gas Density (lb/ft 3) : 0.114 
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Section 10. Stability and reactivity
Hazardous decomposition 
products
Conditions to avoid Avoid all possible sources of ignition (spark or flame).  Do not pressurize, cut, weld,
braze, solder, drill, grind or expose containers to heat or sources of ignition.  Do not 
allow gas to accumulate in low or confined areas.
Under normal conditions of storage and use, hazardous decomposition products should 
not be produced.
The product is stable.Chemical stability
Oxidizers
:
:
:
Incompatible materials :
Possibility of hazardous 
reactions
: Under normal conditions of storage and use, hazardous reactions will not occur.
Reactivity : No specific test data related to reactivity available for this product or its ingredients.
Under normal conditions of storage and use, hazardous polymerization will not occur.Hazardous polymerization :
Section 11. Toxicological information
Acute toxicity
ethylene oxide LC50 Inhalation Gas. Rat 800 ppm 4 hours
Product/ingredient name Result Species Dose Exposure
Carcinogenicity
Not available.
Mutagenicity
Not available.
Teratogenicity
Not available.
Reproductive toxicity
Not available.
Irritation/Corrosion
ethylene oxide Eyes - Moderate irritant Rabbit - 6 hours 18 
milligrams
-
Product/ingredient name Result Score Exposure Observation
Sensitization
Not available.
Species
Specific target organ toxicity (single exposure)
Information on toxicological effects
Classification
ethylene oxide + 1 Known to be a human carcinogen.
Product/ingredient name NTPIARCOSHA
IDLH : 800 ppm
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Section 11. Toxicological information
Not available.
Information on the likely 
routes of exposure
Inhalation : Toxic if inhaled.  May cause respiratory irritation.
Ingestion of liquid can cause burns similar to frostbite.:Ingestion
Skin contact : Causes skin irritation.  Dermal contact with rapidly evaporating liquid could result in 
freezing of the tissues or frostbite.
Causes serious eye irritation.  Liquid can cause burns similar to frostbite.:Eye contact
No known significant effects or critical hazards.General :
May cause cancer.  Risk of cancer depends on duration and level of exposure.Carcinogenicity :
May cause genetic defects.Mutagenicity :
No known significant effects or critical hazards.Teratogenicity :
Developmental effects : No known significant effects or critical hazards.
Fertility effects : No known significant effects or critical hazards.
Symptoms related to the physical, chemical and toxicological characteristics
Skin contact
Ingestion
Inhalation Adverse symptoms may include the following:, respiratory tract irritation, coughing
Adverse symptoms may include the following:, frostbite
Adverse symptoms may include the following:, irritation, redness, frostbite
:
:
:
Eye contact : Adverse symptoms may include the following:, pain or irritation, watering, redness,
frostbite
Potential chronic health effects
Delayed and immediate effects and also chronic effects from short and long term exposure
Specific target organ toxicity (repeated exposure)
ethylene oxide Category 3 Not applicable. Respiratory tract 
irritation
Name Category
Not available.
Numerical measures of toxicity
Not available.
Acute toxicity estimates
Aspiration hazard
Not available.
Route of 
exposure
Target organs
: Not available.
Potential acute health effects
Potential immediate 
effects
: Not available.
Short term exposure
Potential delayed effects : Not available.
Potential immediate 
effects
: Not available.
Long term exposure
Potential delayed effects : Not available.
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Section 12. Ecological information
LogPow BCF Potential
Bioaccumulative potential
Other adverse effects : No known significant effects or critical hazards.
Product/ingredient name
ethylene oxide -0.3 - low
Toxicity
ethylene oxide Acute LC50 490000 µg/l Marine water Crustaceans - Artemia sp. 48 hours
Acute LC50 300000 µg/l Fresh water Daphnia - Daphnia magna 48 hours
Acute LC50 84000 to 96000 µg/l Fresh 
water
Fish - Pimephales promelas 96 hours
Product/ingredient name SpeciesResult Exposure
Persistence and degradability
Soil/water partition 
coefficient (KOC)
: Not available.
Mobility in soil
Not available.
Section 13. Disposal considerations
The generation of waste should be avoided or minimized wherever possible.  Disposal 
of this product, solutions and any by-products should at all times comply with the 
requirements of environmental protection and waste disposal legislation and any 
regional local authority requirements.  Dispose of surplus and non-recyclable products 
via a licensed waste disposal contractor.  Waste should not be disposed of untreated to 
the sewer unless fully compliant with the requirements of all authorities with jurisdiction.
Empty Airgas-owned pressure vessels should be returned to Airgas.  Waste packaging 
should be recycled.  Incineration or landfill should only be considered when recycling is 
not feasible.  This material and its container must be disposed of in a safe way.  Empty 
containers or liners may retain some product residues.  Do not puncture or incinerate 
container.
:Disposal methods
United States - RCRA Toxic hazardous waste "U" List
Ethylene oxide (I,T); Oxirane (I,T) 75-21-8 Listed U115
Ingredient CAS # Status Reference 
number
Section 14. Transport information
Ethylene Oxide
2.3 (2.1)
-
ETHYLENE OXIDE
2.3 (2.1)
-
ETHYLENE OXIDE
UN1040
2.3 (2.1)
-
UN1040 UN1040
DOT IMDG IATA
UN number
UN proper 
shipping name
Transport 
hazard class(es)
Packing group
Environment No. No. No.
TDG
UN1040
Ethylene Oxide
2.3 (2.1)
-
No.
Mexico
UN1040
Ethylene Oxide
2.3 (2.1)
-
No.
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Section 14. Transport information
Special precautions for user
Transport in bulk according 
to Annex II of MARPOL and 
the IBC Code
Transport within user’s premises: always transport in closed containers that are 
upright and secure. Ensure that persons transporting the product know what to do in the 
event of an accident or spillage.
: Not available.
:
“Refer to CFR 49 (or authority having jurisdiction) to determine the information required for shipment of the 
product.” 
Toxic - Inhalation 
hazard Zone C
Reportable quantity
10 lbs / 4.54 kg
Package sizes shipped 
in quantities less than 
the product reportable 
quantity are not subject 
to the RQ (reportable 
quantity) transportation 
requirements.
- Passenger and Cargo 
AircraftQuantity 
limitation: 0 Forbidden
Cargo Aircraft Only
Quantity limitation:
Forbidden
Additional 
information
Product classified as 
per the following 
sections of the 
Transportation of 
Dangerous Goods 
Regulations: 2.13-2.17 
(Class 2), 2.13-2.17 
(Class 2).
Explosive Limit and 
Limited Quantity Index
0
ERAP Index
500
Passenger Carrying 
Ship Index
Forbidden
Passenger Carrying 
Road or Rail Index
Forbidden
-
Section 15. Regulatory information
U.S. Federal regulations
Clean Air Act (CAA) 112 regulated toxic substances: ethylene oxide
:
Clean Air Act  Section 112
(b) Hazardous Air 
Pollutants (HAPs)
: Listed
Clean Air Act Section 602 
Class I Substances
: Not listed
Clean Air Act Section 602 
Class II Substances
: Not listed
DEA List I Chemicals 
(Precursor Chemicals)
: Not listed
DEA List II Chemicals 
(Essential Chemicals)
: Not listed
TSCA 8(a) CDR Exempt/Partial exemption: Not determined
United States inventory (TSCA 8b): This material is listed or exempted.
SARA 302/304
SARA 304 RQ : 10 lbs / 4.5 kg
ethylene oxide 100 Yes. 1000 - 10 -
Composition/information on ingredients
Name % EHS (lbs) (lbs)(gallons) (gallons)
SARA 302 TPQ SARA 304 RQ
SARA 311/312
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Section 15. Regulatory information
This material is listed.
WARNING: This product contains a chemical known to the State of California to cause cancer and birth defects or other 
reproductive harm.
Massachusetts :
SARA 313
Product name CAS number %
SARA 313 notifications must not be detached from the SDS and any copying and redistribution of the SDS shall include 
copying and redistribution of the notice attached to copies of the SDS subsequently redistributed.
ethylene oxide Yes. Yes. Yes. Yes.
Ingredient name Cancer Reproductive No significant risk 
level
Maximum 
acceptable dosage 
level
ethylene oxide 75-21-8 100
ethylene oxide 75-21-8 100
Form R - Reporting 
requirements
Supplier notification
California Prop. 65
New York : This material is listed.
New Jersey : This material is listed.
Pennsylvania : This material is listed.
State regulations
Classification : Refer to Section 2: Hazards Identification of this SDS for classification of substance.
International regulations
Rotterdam Convention on Prior Informed Consent (PIC)
Ethylene oxide (ISO); Amprolene; Oxirane; 1,
2-Epoxyethane; EO
Rotterdam Convention on Prior Informed 
Consent (PIC)
Pesticide
Ingredient name List name Status
International lists
National inventory
Australia : This material is listed or exempted.
Canada : This material is listed or exempted.
China : This material is listed or exempted.
Europe : This material is listed or exempted.
Japan : This material is listed or exempted.
Republic of Korea : This material is listed or exempted.
Malaysia : This material is listed or exempted.
New Zealand : This material is listed or exempted.
Philippines : This material is listed or exempted.
Taiwan : This material is listed or exempted.
WHMIS (Canada) Class A: Compressed gas.
Class B-1: Flammable gas.
Class D-1A: Material causing immediate and serious toxic effects (Very toxic).
Class D-2A: Material causing other toxic effects (Very toxic).
Class E: Corrosive material
Class F: Dangerously reactive material.
:
Canada
Date of issue/Date of revision : 9/12/2017 Date of previous issue : 9/30/2016 Version : 1 11/13308
Ethylene Oxide
Section 15. Regulatory information
CEPA Toxic substances: This material is listed.
Canadian ARET: This material is not listed.
Canadian NPRI: This material is listed.
Alberta Designated Substances: This material is not listed.
Ontario Designated Substances: This material is not listed.
Quebec Designated Substances: This material is not listed.
Section 16. Other information
9/12/2017
History
Date of printing :
: 9/12/2017
Hazardous Material Information System (U.S.A.)
2
4
3
*
National Fire Protection Association (U.S.A.)
Health
Flammability
Physical hazards
Caution: HMIS® ratings are based on a 0-4 rating scale, with 0 representing minimal hazards or risks, and 4 
representing significant hazards or risks Although HMIS® ratings are not required on SDSs under 29 CFR 1910.
1200, the preparer may choose to provide them. HMIS® ratings are to be used with a fully implemented HMIS® 
program. HMIS® is a registered mark of the National Paint & Coatings Association (NPCA). HMIS® materials 
may be purchased exclusively from J. J. Keller (800) 327-6868.
The customer is responsible for determining the PPE code for this material.
Reprinted with permission from NFPA 704-2001, Identification of the Hazards of Materials for Emergency 
Response Copyright ©1997, National Fire Protection Association, Quincy, MA 02269. This reprinted material is 
not the complete and official position of the National Fire Protection Association, on the referenced subject 
which is represented only by the standard in its entirety.
Copyright ©2001, National Fire Protection Association, Quincy, MA 02269. This warning system is intended to 
be interpreted and applied only by properly trained individuals to identify fire, health and reactivity hazards of 
chemicals. The user is referred to certain limited number of chemicals with recommended classifications in 
NFPA 49 and NFPA 325, which would be used as a guideline only. Whether the chemicals are classified by NFPA 
or not, anyone using the 704 systems to classify chemicals does so at their own risk.
Procedure used to derive the classification
Classification Justification
Flam. Gas 1, H220 Expert judgment
Press. Gas Liq. Gas, H280 Expert judgment
Acute Tox. 3, H331 Expert judgment
Skin Irrit. 2, H315 Expert judgment
Eye Irrit. 2A, H319 Expert judgment
Muta. 1B, H340 Expert judgment
Carc. 1B, H350 Expert judgment
STOT SE 3, H335 Expert judgment
4
22Health
Special
Instability/Reactivity
Flammability
Canada Label requirements : Class A: Compressed gas.
Class B-1: Flammable gas.
Class D-1A: Material causing immediate and serious toxic effects (Very 
toxic).
Class D-2A: Material causing other toxic effects (Very toxic).
Class E: Corrosive material
Class F: Dangerously reactive material.
Date of issue/Date of revision : 9/12/2017 Date of previous issue : 9/30/2016 Version : 1 12/13309
Ethylene Oxide
Section 16. Other information
Date of issue/Date of 
revision
Version
To the best of our knowledge, the information contained herein is accurate. However, neither the above-named 
supplier, nor any of its subsidiaries, assumes any liability whatsoever for the accuracy or completeness of the 
information contained herein.
Final determination of suitability of any material is the sole responsibility of the user. All materials may present 
unknown hazards and should be used with caution. Although certain hazards are described herein, we cannot 
guarantee that these are the only hazards that exist.
Notice to reader
Date of previous issue
:
:
Indicates information that has changed from previously issued version.
References : Not available.
Key to abbreviations : ATE = Acute Toxicity Estimate
BCF = Bioconcentration Factor
GHS = Globally Harmonized System of Classification and Labelling of Chemicals
IATA = International Air Transport Association
IBC = Intermediate Bulk Container
IMDG = International Maritime Dangerous Goods
LogPow = logarithm of the octanol/water partition coefficient
MARPOL = International Convention for the Prevention of Pollution From Ships, 1973 
as modified by the Protocol of 1978. ("Marpol" = marine pollution)
UN = United Nations
9/30/2016
1
Date of issue/Date of revision : 9/12/2017 Date of previous issue : 9/30/2016 Version : 1 13/13310
Acetaldehyde    
Safety Data Sheet 
According to the federal final rule of hazard communication revised on 2012 (HazCom 2012) 
  
 
 
Jubilant Life Sciences Limited                                                                                                  Page 2 of 12 
  
SECTION 1:    IDENTIFICATION OF THE SUBSTANCE/ MIXTURE AND OF THE COMPANY/ UNDERTAKING 
 
Product identifier  
 
PRODUCT NAME  : Acetaldehyde 
CAS RN   : 75-07-0 
EC#   : 200-836-8 
SYNONYMS  : Acetic aldehyde; Ethanal; Ethyl aldehyde 
SYSTEMATIC NAME : Ethanal 
MOLECULAR FORMULA : C2H4O  
STRUCTURAL FORMULA:                                                
                        
 
 
 
 
 
Relevant identified uses of the substance or mixture and uses advised against  
 
Relevant identified uses  
 It is used as chemical intermediate for Pyridine & Pyridine Bases, pentaerythritol & 1,3-butylene glycol, chloral & glyoxal, it is also used as 
monomer for polyacetaldehyde & comonomer for copolymers, alcohol denaturant, oxidn promoter in mfr of terephthalic acid, Used in the 
manufacture of disinfectants, drugs, dyes, explosives, flavorings, lacquers, mirrors (silvering), perfume, photographic chemicals, phenolic 
and urea resins, rubber accelerators and antioxidants, varnishes, vinegar, and yeast etc. 
Uses advised against: None 
Details of the supplier of the safety data sheet  
 
Jubilant Life Sciences Limited  
FACTORY & REGISTERED OFFICE: Jubilant Life Sciences Ltd., Bhartiagram, Gajraula, District: Amroha, Uttar Pradesh-244223, India.     
T: +91-5924-252353 to 252360 Contact Department-Safety: Ext. 7424     F: +91-5924-252352              
HEAD OFFICE: Jubilant Life Sciences Ltd., Plot 1-A, Sector 16-A, Institutional Area, Noida, Uttar Pradesh, 201301 - India  
T +91-120-4361000 - F +91-120-4234881 / 84 / 85 / 87 / 95 / 96  support@jubl.com -  www.jubl.com 
Emergency telephone number  
 
Emergency number :  +91-9997022412, +91-9359674864 
  
 SECTION 2:    HAZARD(S) IDENTIFICATION  
 
Classification of the substance or mixture 
GHS-US classification  
Flammable liquids: Category 1  
Acute toxicity, Inhalation: Category 5 
Acute toxicity, Dermal: Category 5 
Skin irritation: Category 3 
Eye irritation:  Category 2A 
Carcinogenicity: Category 2 
Specific target organ toxicity: Category 3 
(Single exposure)  
Acute aquatic toxicity: Category 3 
 
Label Elements 
  
Hazard Pictogram: GHS 02, GHS 07, GHS 08. 
 
 
 
 
Signal Word: Danger!            GHS 02    GHS 07              GHS 08 
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HAZARD AND PRECAUTIONARY STATEMENTS: 
HAZARD STATEMENTS                                                                           
 H224: Extremely flammable liquid and vapour. 
 H333: May be harmful if inhaled. 
 H313: May be harmful in contact with skin. 
 H316: Causes mild skin irritation. 
 H319: Causes serious eye irritation. 
 H335: May cause respiratory irritation. 
 H351: Suspected of causing cancer. 
 H402: Harmful to aquatic life. 
PRECAUTIONARY STATEMENTS  
Prevention 
 P210: Keep away from heat/sparks/open flames/.../hot surfaces. ... No smoking. 
 P201: Obtain special instructions before use. 
 P202: Do not handle until all safety precautions have been read and understood. 
 P233: Keep container tightly closed. 
 P240: Ground/bond container and receiving equipment. 
 P241: Use explosion-proof electrical/ventilating/lighting/.../ equipment. 
 P242: Use only non-sparking tools. 
 P243: Take precautionary measures against static discharge. 
 P280: Wear protective gloves/protective clothing/eye protection/face protection. 
 P281: Use personal protective equipment as required. 
 P271: Use only outdoors or in a well-ventilated area. 
 P261: Avoid breathing dust/fume/gas/mist/vapours/spray. 
 P264: Wash hands thoroughly after handling. 
 P273: Avoid release to the environment. 
Response  
 P312: Call a POISON CENTER or doctor/physician if you feel unwell. 
 P304+312: IF INHALED: Call a POISON CENTER or doctor/physician if you feel unwell. 
 P332+313: If skin irritation occurs: Get medical advice/attention. 
 P305+351+338: IF IN EYES: Rinse continuously with water for several minutes. Remove contact lenses if present and easy to do – 
continue rinsing. 
 P308+313: IF exposed or concerned: Get medical advice/attention. 
 P337+313: If eye irritation persists:Get medical advice/attention. 
 P304+P340: IF INHALED: Remove victim to fresh air and keep at rest in a position comfortable for breathing. 
Storage 
 P405: Store locked up. 
 P403+P233: Store in a well-ventilated place. Keep container tightly closed. 
Disposal       
 P501: Dispose of contents/container to local/regional/national/international regulations. 
Other hazards 
 No additional information available. 
 
 SECTION 3:  COMPOSITION/INFORMATION ON INGREDIENTS 
 
 
Chemical CAS # EC# Purity GHS Classification 
Acetaldehyde 75-07-0 200-836-8 ~ 99.28% 
Flammable liquids: Category 1  
Acute toxicity, Inhalation: Category 5 
Acute toxicity, Dermal: Category 5 
Skin irritation: Category 3 
Eye irritation:  Category 2A 
Carcinogenicity: Category 2 
Specific target organ toxicity: Category 3 
(Single exposure)  
Acute aquatic toxicity: Category 3 
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SECTION 4:   FIRST AID MEASURES 
 
Description of first aid measures 
 Eye Contact: Check for and remove any contact lenses. Immediately flush eyes with clean, running water for at least 15 minutes while 
keeping eyes open. Cool water may be used. Seek medical attention.  
 Skin Contact: After contact with skin, wash with generous quantities of running water. Gently and thoroughly wash affected area with 
running water and nonabrasive soap. Cool water may be used. Cover the affected area with emollient. Seek medical attention. Wash any 
contaminated clothing prior to reusing. 
 Inhalation: Remove the victim from the source of exposure to fresh, uncontaminated air. If victim's breathing is difficult, administer 
oxygen. Seek medical attention. 
 Ingestion: Do NOT induce vomiting. Give water to victim to drink. Seek medical attention.  
Most important symptoms and effects, both acute and delayed 
Acute effects:  
 It is harmful by inhalation and contact with skin. Acetaldehyde is mildly irritating to the eyes and the upper respiratory tract. In limited 
studies on human volunteers, Acetaldehyde is mildly irritating to the eyes and upper respiratory tract. Cutaneous erythema has also 
been observed in the patch testing of humans. It is suspected of causing cancer  
 This agent is a skin and mucous membrane irritant which causes a burning sensation of the nose, throat, and eyes. Prolonged exposure 
to high concentrations may injure the corneal epithelium causing persistent lacrimation, photophobia, and foreign body sensation.  
Fatalities, following inhalation, are due to anesthesia when prompt and pulmonary edema when delayed. Very large exposures may 
cause death due to respiratory     paralysis. 
 It is corrosive and causes severe eye and skin burns, serious health hazard, Irritating to skin, eyes, and respiratory system, narcosis, 
nausea, and loss of consciousness may result from exposure to high concentrations of vapor. 
Chronic effects:        
 Higher concentration and extended exposure may injure the corneal epithelium, causing persistent lacrimation, photophobia and foreign 
body sensation. A splash of liquid acetaldehyde can be expected to cause painful but superficial injury of the cornea, with rapid healing; 
the liquid evaporates so rapidly at body temperature that contact is brief and self-limited. 
 Prolonged skin contact may cause dermal erythema and burns. Repeated exposures may cause dermatitis due to primary irritation or 
sensitization. 
  Sympathomimetic effects of acetaldehyde include tachycardia, hypertension, and increased respiration.   Bradycardia and hypotension 
occur at higher levels of acetaldehyde exposure 
Indication of any immediate medical attention and special treatment needed   
 Eyes: Symptoms: Lachrymator, redness, severe burns.  
 If in eyes rinse cautiously with water for at least 15 minutes. Remove contact lenses if easy to do so. Continue rinsing. Seek immediate 
medical attention.  
 Skin: Corrosive. Remove/Take off immediately all contaminated clothing. Rinse skin with water/shower. Wash contaminated clothing 
before reuse. 
 Inhalation: Symptoms: Corrosive. Cough. Labored breathing. Shortness of breath. Sore throat. Symptoms may be delayed. The 
symptoms of lung edema often do not become manifest until a few hours have passed and they are aggravated by physical effort. Rest 
and medical observation are therefore essential. Remove to fresh air and keep at rest in a position comfortable for breathing. Call a 
physician if you feel unwell.        
 Ingestion: Symptoms: Corrosive. Abdominal pain. Sore throat. Collapse. If swallowed call a poison center if you feel unwell. Rinse mouth. 
Do NOT induce vomiting by use of emetics. Seek prompt/immediate medical attention.     
SECTION 5:    FIRE-FIGHTING MEASURES  
Flash Point: -38.89 deg C (Closed cup); -40 deg C (Open cup)                                                   Flammability: Extremely flammable liquid and vapor                                                                     
Extinguishing media  
 Appropriate extinguishing media: Water fog, alcohol resistant foam, dry chemical or carbon dioxide extinguisher. Water may be ineffective. 
Use water spray to keep fire exposed containers cool. Do NOT use water jets. Major fires may be extinguished with flooding amounts of 
water from a distance. Water spray may be used to knock down vapors. Do not extinguish fire unless flow can be stopped. Use water in 
flooding quantities as fog. Solid streams of water may be ineffective. Cool all affected containers with flooding quantities of water. Apply 
water from as far a distance as possible. Use "alcohol" foam, dry chemical or carbon dioxide 
Special Protective Equipment and Precautions for Fire Fighter    
 Evacuate the area and fight fires from a safe distance. 
 If tank, rail car or tank truck is involved in a fire, ISOLATE for 800 meters (1/2 mile) in all directions; also, consider initial evacuation for 
800 meters (1/2 mile) in all directions or as per locally valid procedures. 
 Fire fighters must wear Self Contained Breathing Apparatus (SCBA) and full protective clothing.  
 Report any run-off of fire waters contaminated with this chemical as per local and federal procedures applicable. 
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Unusual fire and explosion hazard 
 Consider isolating the fire when it involves the material and permitting it to burn itself out. Move all personnel out of the fire area. Move 
away in event of any explosion. Keep at safe distance. 
 Do not allow water to enter container, because of exothermic reaction. 
 Flashback along vapor trail may occur. Closed container exposed to heat may explode.  Irritating vapors and toxic fumes of carbon 
monoxide, carbon di-oxide, oxide of nitrogen may be released in fire conditions. 
 
SECTION 6:   ACCIDENTAL RELEASE MEASURES     
 
Personal precautions, protective equipment and emergency procedures 
For non-emergency personnel 
 Wear protective clothing, full boots, impervious gloves, safety glasses and Self Contained Breathing Apparatus (SCBA), as may be 
deemed appropriate. 
 Avoid breathing vapors and contact with skin and eyes. 
 Shut off leak source if possible. 
 Shut off all possible sources of ignition. 
 Wipe up. 
 Decontaminate all equipment. 
 Use non-sparking tools. 
For emergency personnel 
 Wear protective clothing, full boots, impervious gloves, safety glasses and Self Contained Breathing Apparatus (SCBA), as may be 
deemed appropriate. 
 Alert Emergency Responders and tell them location and nature of hazard. 
 Shut off all possible sources of ignition and increase ventilation. 
 Stop leaks if possible. 
 Clean up all spills immediately following relevant Standard Operating Procedures. 
 Avoid breathing vapors and contact with skin and eyes. 
 Use non-sparking tools. 
Environmental precautions 
 Clean up all spills immediately following relevant Standard Operating Procedures. 
 Inform authorities in event of contamination of any public sewers, drains or water bodies. 
 Wipe up. 
 Prevent, by any means available, spillage from entering drains or water and watercourses.  
 Collect recoverable product into labeled containers for recycling, recovery or disposal.  
 Contain spill with sand, earth or vermiculite.    
 Spread area with lime or absorbent material, and leave for at least 1 hour before washing. 
Methods and material for containment and cleaning up 
Containment of the spill. 
(a) Bunding, covering of drains. 
 Alert Emergency Responders and tell them location and nature of hazard. 
 Shut off all possible sources of ignition and increase ventilation.  
 Wear protective clothing, full boots, impervious gloves, safety glasses and Self Contained Breathing Apparatus (SCBA), as may 
be deemed appropriate.  
 Stop leaks if possible.  
 Prevent, by any means available, spillage from entering drains or water and watercourses.  
 Collect recoverable product into labeled containers for recycling, recovery or disposal.  
 Contain spill with sand, earth or vermiculite.    
 Clean up all tools and equipment.      
 Inform authorities in event of contamination of any public sewers, drains or water bodies. 
(b) Capping procedure. 
 Clean up all spills immediately following relevant Standard Operating Procedures. 
 Avoid breathing vapors and contact with skin and eyes. 
 Shut off leak source if possible. 
 Shut off all possible sources of ignition. 
 Wipe up. 
 Decontaminate all equipment. 
 Use non-sparking tools. 
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Cleanup procedure (Any of the following) 
(a) Neutralization techniques; 
(b) Decontamination techniques; 
(c) Adsorbent material; 
 Spread area with lime or absorbent material, and leave for at least 1 hour before washing.  
(d) Cleaning Techniques; 
(e) Vacuuming techniques; 
(f)  Equipment required for containment/Cleanup (include the use of non-sparking tools and equipment where applicable). 
SECTION 7:    HANDLING AND STORAGE 
 
Precautions for safe handling         
 Do not breathe vapor or mist. 
 Wear protective gloves/clothing and eye/face protection.  
 Wash thoroughly after handling.     
 Ground and secure containers when dispensing or pouring product.  
 Avoid contact with incompatible materials.     
 When handling, DO NOT eat, drink or smoke.   
 Launder contaminated clothing before re-use. 
 If on skin or hair, IMMEDIATELY remove all contaminated clothing and rinse/shower with plenty of water.   
 Use in a well-ventilated place/Use protective clothing commensurate with exposure levels.  
Conditions for safe storage, including any incompatibilities        
 Store in a cool, well ventilated place.      
 Store in a flame proof area.       
 Store away from incompatible materials.     
 Keep only in original container.  
 Keep securely closed when not in use. 
 In transporting or storing acetaldehyde, precaution must be taken to prevent leaks & to ensure safe conditions, because this aldehyde 
boils at room temp. 
 Keep away from direct sunlight, heat and sparks. 
 
SECTION 8:      EXPOSURE CONTROLS / PERSONAL PROTECTION 
 
Control parameters  
 
Components  CAS-No.  Value Control parameter Basis 
Acetaldehyde  75-07-0 C 25 ppm USA. ACGIH Threshold Limit Values (TLV) 
Remarks Eye & Upper Respiratory Tract irritation Confirmed animal carcinogen with unknown relevance to Humans. 
 Potential Occupational Carcinogen See Appendix C See Appendix A 
  TWA 
200 ppm 
360 mg/m3 
USA. Occupational Exposure Limits (OSHA) - 
Table Z-1 
Limits for Air Contaminants 
 The value in mg/m3 is approximate 
  STEL 
150 ppm 
270 mg/m3 
USA. OSHA - TABLE Z-1 Limits for Air 
Contaminants - 
1910.1000 
  TWA 
100 ppm 
180 mg/m3 
USA. OSHA - TABLE Z-1 Limits for Air 
Contaminants - 
1910.1000 
 
Exposure Limits International 
 OEL-ARAB Republic of Egypt: TWA 100 ppm (180 mg/m3), JAN1993  
 OEL-AUSTRALIA: TWA 20 ppm (36 mg/m3), STEL 50 ppm (91 mg/m3), JUL2008  
 OEL-AUSTRIA: MAK-TMW 50 ppm (90 mg/m3);KZW 50 ppm (90 mg/m3), 2007  
 OEL-BELGIUM: TWA 25 ppm (46 mg/m3), MAR2002  
 OEL-DENMARK: CL 25 ppm (45 mg/m3), carc, MAY2011  
 OEL-FINLAND: STEL 25 ppm (46 mg/m3), NOV2011  
 OEL-FRANCE: VME 100 ppm (180 mg/m3), C3 Carcinogen, FEB2006  
 OEL-GERMANY: MAK 50 ppm (91 mg/m3), CL 100 ppm (180 mg/m3), 2011  
 OEL-HUNGARY: TWA 25 mg/m3, STEL 25 mg/m3, SEP2000  
 OEL-INDIA: TWA 100 ppm (180 mg/m3), STEL 150 ppm (270 mg/m3), JAN1993  
 OEL-ICELAND: STEL 25 ppm (45 mg/m3), carc, NOV2011  
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 OEL-JAPAN: CL 50 ppm (90 mg/m3), 2B carc, MAY2012  
 OEL-KOREA: TWA 100 ppm (180 mg/m3), STEL 150 ppm (270 mg/m3), 2006  
 OEL-MEXICO: peak 25 ppm (45 mg/m3), 2004  
 OEL-THE NETHERLANDS: MAC-TGG 180 mg/m3, 2003  
 OEL-NEW ZEALAND: TWA 20 ppm, STEL 50 ppm, JAN2002  
 OEL-PERU: STEL 25 ppm (45 mg/m3), JUL2005  
 OEL-THE PHILIPPINES: TWA 200 ppm (360 mg/m3), JAN1993  
 OEL-POLAND: MAC(TWA) 5 mg/m3, MAC(STEL) 10 mg/m3, JAN1999  
 OEL-RUSSIA: STEL 5 mg/m3, Skin, JUN2003  
 OEL-SWEDEN: TWA 25 ppm (45 mg/m3);STEL 50 ppm (90 mg/m3), Carcinogen, JUN2005  
 OEL-SWITZERLAND: CL 50 ppm (90 mg/m3), carc 3, JAN2011  
 OEL-TURKEY: TWA 200 ppm (360 mg/m3), JAN1993  
 OEL-UNITED KINGDOM: TWA 20 ppm (37 mg/m3);STEL 50 ppm, OCT2007  
 OEL IN ARGENTINA, BULGARIA, COLOMBIA, JORDAN check ACGIH TLV;  
 OEL IN SINGAPORE, VIETNAM check ACGIH TLV 
  
NIOSH Recommended Exposure Level (Rel)  
 NIOSH REL TO ACETALDEHYDE-air: CA (18 ppm LOQ) 
NIOSH* National Institute of Occupational Safety and Health, U.S. Dept. of Health, Education, and Welfare, Reports and Memoranda. 
Volume(issue)/page/year: DHHS #92-100,1992 
Exposure controls 
Appropriate Engineering Controls: 
 Provide exhaust ventilation or other engineering controls to keep the relevant airborne concentrations below their respective 
occupational exposure limits. Local ventilation is additionally to be used where exposure is possible Ensure that eyewash stations and 
safety showers are close to the workstation location.  
Personal Protection 
 Protective clothing should be selected specifically for the working place, depending on concentration and quantity of the hazardous 
substances handled. The resistance of the protective clothing to chemicals should be ascertained with the respective supplier. Liquid is 
volatile and causes mild irritation on uncovered skin and it may be harmful in contact with skin. However, causes severe burns when 
clothing is wet with the chemical or if it enters gloves or shoes. 
 Eyes: Safety goggles/ Chemical Safety glasses and Face shield. Face shield and safety glasses Use equipment for eye protection 
tested and approved under appropriate government standards such as NIOSH (US) or EN 166(EU). 
 Hands: Handle with gloves. Gloves must be inspected prior to use. Use proper glove removal technique (without touching glove's outer 
surface) to avoid skin contact with this product. Dispose of contaminated gloves after use in accordance with applicable laws and good 
laboratory practices. Wash and dry hands. 
Full contact: 
 Material: butyl-rubber 
 Minimum layer thickness: 0.3 mm 
 Break through time: 480 min 
 Material tested: Butoject® (KCL 897 / Aldrich Z677647, Size M) 
Splash contact: 
 Material: butyl-rubber 
 Minimum layer thickness: 0.3 mm 
 Break through time: 480 min 
 Material tested: Butoject® (KCL 897 / Aldrich Z677647, Size M) 
 Clothing: Boots and clothing to prevent contact. 
 Chemical suit: May be required in certain conditions such as spills. Complete suit protecting against chemicals, Flame retardant 
antistatic protective clothing, and the type of protective equipment must be selected according to the concentration and amount of the 
dangerous substance at the specific workplace. 
 Respirator: Follow the OSHA respirator regulations found in 29CFR 1910.134 or European Standard EN 149. Always use a NIOSH or 
European Standard EN 149 approved respirator when necessary. Where risk assessment shows air-purifying respirators are 
appropriate use a full-face respirator with multi-purpose combination (US) or type AXBEK (EN 14387) respirator cartridges as a backup 
to engineering controls. If the respirator is the sole means of protection, use a full-face supplied air respirator. Use respirators and 
components tested and approved under appropriate government standards such as NIOSH (US) or CEN (EU).  
General Hygiene and general comments: 
 Wash hands and face after working with the substance. 
 Apply skin protective barrier cream. 
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SECTION 9 :     PHYSICAL AND CHEMICAL PROPERTIES 
 Information on basic physical and chemical properties. 
Sr.No. Parameter Typical value 
1.  Appearance Clear colorless liquid 
2.  Odor Pungent, fruity odor 
3.  Odor Threshold 0.067 ppm  
4.  Melting point  -123.37 deg C 
5.  Boiling point 20.1 deg C 
6.  Flash point -39 °C  
7.  Evaporation rate (n-BuAc=1) 49.1 (butyl acetate=1)  
8.  Explosive limits 
Lower explosion limit 4 %(V) 
Upper explosion limit 60 %(V) 
9.  Vapor pressure 
902 mm Hg at 25 deg C 
750 mmHg @ 20 °C  
10.  Vapor density (air=1) 1.52 (Air = 1) 
11.  Relative density 0.7834  
12.  Solubility 
Miscible with water, ethanol, ether, benzene; slightly soluble in 
chloroform. Miscible with gasoline, solvent naphtha, toluene, xylene, 
turpentine, and acetone 
13.  Refractive Index Not available 
14.  Log Kow (octonol/water) -0.34(Estimated) 
15.  Auto-ignition temperature 175 °C 
16.  Decomposition temperature >400 °C  
17.  Viscosity 0.2456 mPa.sec at 15 deg C (1.0 mPa.sec = 1.0 cP) 
18.  Surface Tension 21.2 mN/m at 20 deg C (1.0 mN/m = 1.0 dyn/cm) 
19.  Molecular Weight 44.05 
20.  Flammable Material Yes 
21.  Corrosive material Not available 
22.  Explosive material Not available 
 
Other information. 
 No additional information available. 
SECTION 10:     STABILITY AND REACTIVITY 
 Reactivity: Highly flammable. Easily oxidized by air to form unstable peroxides which may explode. Forms explosive mixture with air 
above 100°C (30-60% of the vapor in air) owing to formation of peroxyacetic acid [White, A. G. et al., J. Soc. Chem. Ind., 1950, 69, p. 
206]. ACETALDEHYDE undergoes a vigorously exothermic condensation reaction in contact with strong acids, bases or traces of metals. 
 Stability: May polymerize. Avoid contact with light. Avoid storage and use above room temperature. 
 Conditions to avoid: Keep away from heat, sparks and flame. Keep away from sources of ignition. Avoid heat, flames, sparks and other 
sources of ignition. Containers may rupture or explode if exposed to heat. Keep away from incompatible chemicals. 
 Incompatible chemicals: Acids, combustible materials, amines, bases, halogens, oxidizing materials, halo carbons, cyanides, reducing 
agents, metal salts and metals. 
 Hazardous decomposition: Under Combustion: gives off irritating fumes and oxides of carbon. 
 Hazardous Polymerization: May polymerize. Avoid contact with heat, light, air, water or incompatible materials. Closed containers may 
rupture violently. 
SECTION 11:    TOXICOLOGICAL INFORMATION 
 Information on toxicological effects 
(a) Acute Toxicity: 
 It is harmful by inhalation and contact with skin. Acetaldehyde is mildly irritating to the eyes and the upper respiratory tract. In limited studies on 
human volunteers, Acetaldehyde is mildly irritating to the eyes and upper respiratory tract. Cutaneous erythema has also been observed in the 
patch testing of humans. It is suspected of causing cancer  
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 This agent is a skin and mucous membrane irritant which causes a burning sensation of the nose, throat, and eyes. Prolonged exposure to high 
concentrations may injure the corneal epithelium causing persistent lacrimation, photophobia, and foreign body sensation.  Fatalities, following 
inhalation, are due to anesthesia when prompt and pulmonary edema when delayed. Very large exposures may cause death due to respiratory     
paralysis. 
 It is corrosive and causes severe eye and skin burns, serious health hazard, Irritating to skin, eyes, and respiratory system, narcosis, nausea, 
and loss of consciousness may result from exposure to high concentrations of vapor. 
 RTECS # : AB1925000 
No. Parameter Data Reference 
1 Acute Oral Toxicity Oral LD50 Rat 1930 mg/kg RTECS 
2 Acute Skin Toxicity 
LD50 - Rodent – rabbit 
3540 mg/kg 
RTECS 
3 Acute Inhalation 
Inhalation LC50 Rat 13300 ppm 4 h 
17000 ppm/4 hour Inhalation Hamster LC50; 20300 mg/m3/2 hour Inhalation 
Mouse LC50; 23 gm/m3/4 hour Inhalation Mouse LC50  
13300 ppm/4 hour Inhalation Rat LC50; 13300 ppm/4 hour Inhalation Rat LC50; 
25000 mg/m3 Inhalation Rat LC50  
RTECS 
 
(b) Skin Corrosion/Irritation; 
 It causes irritation (possibly severe), allergic reactions. May be harmful in contact with skin. 
(c) Serious Eye Damage/Irritation; 
 Causes serious eye irritation. 
(d) Respiratory Or Skin Sensitization; 
 It may causes respiratory tract irritation. 
(e) Germ Cell Mutagenicity; 
 Available data characterizes this substance as mutagenic. 
 (f) Carcinogenicity; 
 Suspected of causing cancer. It is potential occupational carcinogen.  
ACGIH : A3 - Confirmed Animal Carcinogen with Unknown Relevance to Humans.  
IARC : Monograph 100E [2012] (associated with consumption of alcoholic beverages) (Group 1 (carcinogenic to humans))  
DFG : Category 5 (low carcinogenic potency)  
NTP : Reasonably anticipated to be a Human Carcinogen 
(g) Reproductive Toxicity; 
 Available data characterizes this substance as a reproductive hazard. 
 640 ug/kg Intraperitoneal Mouse TDLo (pregnant 10 day(s)); 4 gm/kg Intravenous Mouse TDLo (pregnant 6 day(s)); 120 mg/kg Intravenous 
Mouse TDLo (pregnant 7-9 day(s)); 1000 mg/kg Unreported Mouse TDLo (pregnant 10 day(s)); 5 mg/m3 Inhalation Rat TCLo (prior to 
copulation 60 day(s), pregnant 1-10 day(s)); 5 mg/m3 Inhalation Rat TCLo (prior to copulation 60 day(s), pregnant 11-21 day(s)); 300 mg/kg 
Intraperitoneal Rat TDLo (pregnant 8-13 day(s)); 600 mg/kg Intraperitoneal Rat TDLo (pregnant 8-15 day(s)); 400 mg/kg Intraperitoneal Rat 
TDLo (pregnant 8-15 day(s)); 100 mg/kg Intraperitoneal Rat TDLo (pregnant 12 day(s)); 50 mg/kg Intraperitoneal Rat TDLo (pregnant 12 
day(s)); 5040 mg/kg Oral Rat TDLo (pregnant 1-21 day(s)); 4800 mg/kg Oral Rat TDLo (pregnant 1-20 day(s)); 5040 mg/kg Oral Rat TDLo 
(pregnant 1-21 day(s)) 
(h) STOT-single exposure 
 Central nervous system, respiratory system.  
(i)STOT- repeated exposure 
 Respiratory tract, nervous system, nose, kidneys, liver. 
(j) Aspiration Hazard. 
 No information available. 
 
SECTION 12:     ECOLOGICAL INFORMATION 
 
Eco toxicity 
 
Specie Dose Time Value 
Pimephales promelas (Fish) LC50 96 Hr 28.0 - 34.0 mg/L [flow-through] 
Lepomis macrochirus (Fish) LC50 96 Hr 53 mg/L [static] 
Oncorhynchus mykiss (Fish) LC50 96 Hr 1.8 - 2.4 mg/L [static] 
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Pimephales promelas (Fish) LC50 96 Hr 39.8 - 46.8 mg/L [static] 
Nitzschia linearis (Algae) EC50 120 Hr 237 - 249 mg/L 
Daphnia magna (Invertebrate) EC50 48 Hr 3.64 - 6.15 mg/L [Static] 
Daphnia magna (Invertebrate) EC50 48 Hr 48.3 mg/L 
 
Persistence and degradability 
 It is expected to be biodegradable in aerobic and anaerobic conditions. Acetaldehyde is estimated not to be persistent in the environment. 
Bio accumulative potential  
 
Based on the Log Kow and Bioconcentration factor value it is expected to have Bioconcentration potential in aquatic organisms is low based on 
BCF value of 3. Acetaldehyde is not expected to bio accumulate in the food chain because it does not exceed the BCF criteria. 
Mobility in soil  
 
Acetaldehyde(75-07-0)          
Koc 1 (estimated). Low sorption. 
Henry's Law Constant 0.000067 atm/m3 mole at 25 degrees 
Log Kow -0.34(Estimated). Negligible potential to bio accumulate. 
 
It is expected to have high mobility in soil 
 
Other adverse effects 
 Environment Fate: 
Based on the environmental modeling, this material has classified as toxic to aquatic life. It is expected to be biodegradable in aerobic and 
anaerobic conditions and have high mobility in soil. Since this is an estimated result it is recommended that the material should be disposed 
into the environment. The material should never be disposed into the sewage. 
SECTION 13:    DISPOSAL CONSIDERATIONS  
 
Waste treatment methods  
 Burn in a chemical incinerator equipped with an afterburner and scrubber. 
 Exert extra care in igniting, as this material is Highly Flammable. 
 Dispose of this material in accordance with standard practice for disposal of potentially hazardous materials as required by applicable 
federal, state or local laws. Note that disposal regulations may also apply to empty containers and equipment rinsates. 
 
SECTION 14:    TRANSPORT INFORMATION  
This substance is considered to be Hazardous for transport by Air/Rail/Road and Sea and thus it is regulated by IATA/ICAO/IMO/IMDG/ US DOT. 
 
S.No Agency UN Number Proper Shipping name Hazard Class Packing   Group 
Land Transport DOT UN 1089 Acetaldehyde 3 I 
Maritime Transport IMDG UN 1089 ACETALDEHYDE 3 I 
Air Transport IATA UN 1089 Acetaldehyde 3 I 
Hazard Label Extremely Flammable 
 
  Acetaldehyde(75-07-0)          
Bio concentration factor  3 
Log Kow -0.34(Estimated) 
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Environmental hazards 
 Marine pollutant: No. 
 
SECTION 15:    REGULATORY INFORMATION  
 
Safety, health and environmental regulations/legislation specific for the substance or mixture 
European Union Information 
Classification as per CLP Regulation 1272/2008:  
 Hazards Class and Category: Flammable Liq. Cat.1; Carc.Cat.2, Eye irrit Cat 2;STOT SE Cat 3 
 Hazard Statements: H224; H351; H319; H335  
Chemical Inventory Lists Status  
TSCA:  Present 
EINECS:  200-836-8 
Canada(DSL/NDSL):  Listed/DSL 
Japan:  2-485 
Korea:  KE=00003 
Australia:  Not available 
China: IECSC Present 
 
US information 
OSHA Hazards 
 Flammable liquid, Carcinogen, Target Organ Effect, Irritant. 
 OSHA (safety):  2500 lb TQ  
SARA 302 Components 
 SARA 302: No chemicals in this material are subject to the reporting requirements of SARA Title III, Section 302. 
SARA 311/312 Hazards 
 Fire Hazard, Acute Health Hazard, Chronic Health Hazard. 
 This material contains one or more of the following chemicals required to be identified under SARA Section 302/304 (40 CFR 355 
Appendix A), SARA Section 313 (40 CFR 372.65), CERCLA (40 CFR 302.4), TSCA 12(b), and/or require an OSHA process safety plan.  
 ACETALDEHYDE (75-07-0) SARA 313:  0.1 % de minimis concentration  
 CERCLA: 1000 lb final RQ; 454 kg final RQ  
 TSCA 12b: Section 4, 0.1 % de minimus concentration. 
Pennsylvania Right to Know Components 
 Acetaldehyde  CAS-No. :75-07-0  Revision Date 2007-07-01 
New Jersey Right to Know Components 
 Acetaldehyde           CAS-No. 75-07-0    Revision Date  2007-07-01 
California Prop. 65 Components 
 WARNING! This product contains a chemical known to the State of California to cause cancer. 
 Acetaldehyde  CAS-No. 75-07-0  Revision Date   2007-09-28 
U.S. State Regulations 
 The following components appear on one or more of the following state hazardous substances lists: 
 
  
 
 
 The following statement(s) are provided under the California Safe Drinking Water and Toxic Enforcement Act of 1986 (Proposition 65):  
 WARNING! This product contains a chemical known to the state of California to cause cancer. 
 
Component Analysis – Inventory 
Component  CAS  US  CA  EU  AU  PH  JP  KR  CN  NZ  
ACETALDEHYDE  75-07-0  Yes  DSL  EIN  Yes Yes  Yes  Yes  Yes  Yes  
 
Component  CAS  CA  MA  MN  NJ  PA  
ACETALDEHYDE  75-07-0  Yes  Yes  Yes  Yes  Yes  
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SECTION 16:           OTHER INFORMATION  
 
a) Compilation information of safety data sheet 
Date of compilation  : January 06, 2014 
Chemical   : Acetaldehyde 
CAS #   : 75-07-0 
File Name  : 0744Gj Ghs02 Div.3 sds Acetaldehyde     
Revision Number  : 02     
Date of Issue of SDS : April 5, 2017 
Revision Due Date  : March, 2019 
Supersedes date  : November 03, 2015 
 
b) A key or legend to aberrations and acronyms used in the safety data sheet 
 PBT =Persistent Bio accumulative and Toxic. 
 vPvB= Very Persistent and Very Bio accumulative. 
 SCBA= Self Contained Breathing Apparatus. 
 NIOSH REL= National Institute for Occupational Safety and Health Recommended Exposure Limit.  
 OSHA PEL=Occupational Safety and Health Administration Permissible Exposure Limit. 
 OELTWA= Occupational Exposure Limit Time Weighted Averages. 
 RTECS= Registry of Toxic Effects of Chemical Substances. 
 NTP=National Toxicology Program. 
 IARC= International Agency for Research on Cancer. 
 EPA=Environmental Protection Agency. 
 TSCA= Toxic Substances Control Act. 
 SARA= Superfund Amendments and Reauthorization Act. 
 WHIMS= Workplace Hazardous Materials Information System. 
 DSL/NDSL= Domestic/Non-Domestic Substances List. 
 BCF = Bio Concentration Factor. 
 TLV = Threshold Limit Value. 
 ACGIH = American Conference of Governmental Industrial Hygienists. 
 REACH = Registration, Evaluation .Authorization and Restriction of Chemicals. 
 CLP = Classification, Labeling and Packaging. 
 LD / LC = Lethal Doses / Lethal Concentration. 
 GHS = Globally Harmonized System. 
 ADR = Accord European relative au transport international de merchandises. 
 IMDG-Code = International Maritime Code for Dangerous Goods. 
 ICAO = International Civil Aviation Organization. 
 IATA/DGR= International Air Transport Association/Dangerous Goods Regulation. 
 
c) Key Literature reference and sources for data  
Biographical reference and data sources 
 CLP REG (regulation) (EC) no. 1272/2008, last modification by regulation (EC) no. 790/2009. 
 Globally Harmonized System of Classification and Labelling of Chemicals. 
 RTECS 
 
SDS US (GHS HazCom 2012) 
This information is based on our current knowledge and is intended to describe the product for the purposes of health, safety and environmental 
requirements only. It should not therefore be construed as guaranteeing any specific property of the product. 
(End of Safety Data Sheet) 
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SAFETY DATA SHEET 
MEGLOBAL AMERICAS INC. 
 
Product name: ETHYLENE GLYCOL POLYESTER GRADE Issue Date: 12/06/2018 
Version: 17.0 
 
 
MEGLOBAL AMERICAS INC. encourages and expects you to read and understand the entire 
(M)SDS, as there is important information throughout the document.  We expect you to follow the 
precautions identified in this document unless your use conditions would necessitate other appropriate 
methods or actions. 
 
1. IDENTIFICATION 
Product name: ETHYLENE GLYCOL POLYESTER GRADE 
 
Recommended use of the chemical and restrictions on use 
Identified uses: For industrial use.  It is recommended that you use this product in a manner 
consistent with the recommended use.  If your intended use is not consistent with the recommended 
use, please contact our Customer Information Group (telephone number in Section 1 of this 
document).   
 
COMPANY IDENTIFICATION 
MEGLOBAL AMERICAS INC. 
2150 TOWN SQUARE PLACE 
SEVENTH FLOOR, SUITE 750 
SUGAR LAND TX  77479-1643 
UNITED STATES 
 
Customer Information Number: 1-844-634-5622 
GMBreneman@meglobal.biz 
 
EMERGENCY TELEPHONE NUMBER 
24-Hour Emergency Contact: 800-424-9300 
 
2. HAZARDS IDENTIFICATION 
Hazard classification 
This material is hazardous under the criteria of the Federal OSHA Hazard Communication Standard 
29CFR 1910.1200. 
Acute toxicity - Category 4 - Oral 
Specific target organ toxicity - repeated exposure - Category 2 - Oral 
 
Label elements 
Hazard pictograms 
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Signal word: WARNING! 
 
Hazards 
Harmful if swallowed. 
May cause damage to organs (Kidney) through prolonged or repeated exposure if swallowed. 
 
Precautionary statements 
Prevention 
Do not breathe dust/ fume/ gas/ mist/ vapours/ spray. 
Wash skin thoroughly after handling. 
Do not eat, drink or smoke when using this product. 
 
Response 
IF SWALLOWED: Call a POISON CENTER/doctor if you feel unwell. Rinse mouth. 
Get medical advice/ attention if you feel unwell. 
 
Disposal 
Dispose of contents/ container to an approved waste disposal plant. 
 
Other hazards 
No data available 
 
3. COMPOSITION/INFORMATION ON INGREDIENTS 
 
Synonyms: Ethylene Glycol 
This product is a substance. 
Component CASRN Concentration 
 
 
Ethylene glycol 107-21-1 >= 99.0 %  
 
4. FIRST AID MEASURES 
Description of first aid measures 
General advice: First Aid responders should pay attention to self-protection and use the 
recommended protective clothing (chemical resistant gloves, splash protection).  If potential for 
exposure exists refer to Section 8 for specific personal protective equipment.   
 
Inhalation: Move person to fresh air; if effects occur, consult a physician.   
 
Skin contact: Immediately flush skin with water while removing contaminated clothing and shoes. Get 
medical attention if symptoms occur. Wash clothing before reuse. Destroy contaminated leather items 
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such as shoes, belts, and watchbands.  Suitable emergency safety shower facility should be 
immediately available.   
 
Eye contact: Flush eyes thoroughly with water for several minutes.  Remove contact lenses after the 
initial 1-2 minutes and continue flushing for several additional minutes.  If effects occur, consult a 
physician, preferably an ophthalmologist.   
 
Ingestion: Do not induce vomiting.  Seek medical attention immediately.  If person is fully conscious 
give 1 cup or 8 ounces (240 ml) of water. If medical advice is delayed and if an adult has swallowed 
several ounces of chemical, then give 3-4 ounces (1/3-1/2 Cup) (90-120 ml) of hard liquor such as 80 
proof whiskey.  For children, give proportionally less liquor at a dose of 0.3 ounce (1 1/2 tsp.) (8 ml) 
liquor for each 10 pounds of body weight, or 2 ml per kg body weight [e.g., 1.2 ounce (2 1/3 tbsp.) for 
a 40 pound child or 36 ml for an 18 kg child].   
 
Most important symptoms and effects, both acute and delayed: Aside from the information found 
under Description of first aid measures (above) and Indication of immediate medical attention and 
special treatment needed (below), any additional important symptoms and effects are described in 
Section 11: Toxicology Information. 
 
Indication of any immediate medical attention and special treatment needed 
Notes to physician: If several ounces (60 - 100 ml) of ethylene glycol have been ingested, early 
administration of ethanol may counter the toxic effects (metabolic acidosis, renal damage). Consider 
hemodialysis or peritoneal dialysis & thiamine 100 mg plus pyridoxine 50 mg intravenously every 6 
hours.  If ethanol is used, a therapeutically effective blood concentration in the range of 100 - 150 
mg/dl may be achieved by a rapid loading dose followed by a continuous intravenous infusion.  
Consult standard literature for details of treatment.  4-Methyl pyrazole (Antizol®) is an effective blocker 
of alcohol dehydrogenase and should be used in the treatment of ethylene glycol (EG), di- or 
triethylene glycol (DEG, TEG), ethylene glycol butyl ether (EGBE), or methanol intoxication if 
available.  Fomepizole protocol (Brent, J. et al., New England Journal of Medicine, Feb. 8, 2001, 
344:6, p. 424-9): loading dose 15 mg/kg intravenously, follow by bolus dose of 10 mg/kg every 12 
hours; after 48 hours, increase bolus dose to 15 mg/kg every 12 hours.  Continue fomepizole until 
serum methanol, EG, DEG, TEG or EGBE are undetectable.  The signs and symptoms of poisoning 
include anion gap metabolic acidosis, CNS depression, renal tubular injury, and possible late stage 
cranial nerve involvement.  Respiratory symptoms, including pulmonary edema, may be delayed. 
Persons receiving significant exposure should be observed 24-48 hours for signs of respiratory 
distress.  In severe poisoning, respiratory support with mechanical ventilation and positive end 
expiratory pressure may be required.  Maintain adequate ventilation and oxygenation of the patient.  If 
lavage is performed, suggest endotracheal and/or esophageal control.  Danger from lung aspiration 
must be weighed against toxicity when considering emptying the stomach.  If burn is present, treat as 
any thermal burn, after decontamination.  Treatment of exposure should be directed at the control of 
symptoms and the clinical condition of the patient.   
 
5. FIREFIGHTING MEASURES 
Suitable extinguishing media: Water fog or fine spray.  Dry chemical fire extinguishers.  Carbon 
dioxide fire extinguishers.  Foam.  Alcohol resistant foams (ATC type) are preferred. General purpose 
synthetic foams (including AFFF) or protein foams may function, but will be less effective.   
 
Unsuitable extinguishing media: Do not use direct water stream.  May spread fire.   
 
Special hazards arising from the substance or mixture 
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Hazardous combustion products: During a fire, smoke may contain the original material in addition 
to combustion products of varying composition which may be toxic and/or irritating.  Combustion 
products may include and are not limited to:  Carbon monoxide.  Carbon dioxide.  Nitrogen oxides.   
 
Unusual Fire and Explosion Hazards: Container may rupture from gas generation in a fire situation.  
Violent steam generation or eruption may occur upon application of direct water stream to hot liquids.     
 
Advice for firefighters 
Fire Fighting Procedures: Keep people away.  Isolate fire and deny unnecessary entry.  Use water 
spray to cool fire exposed containers and fire affected zone until fire is out and danger of reignition has 
passed.  Fight fire from protected location or safe distance. Consider the use of unmanned hose 
holders or monitor nozzles.  Immediately withdraw all personnel from the area in case of rising sound 
from venting safety device or discoloration of the container.  Burning liquids may be extinguished by 
dilution with water.  Do not use direct water stream. May spread fire.  Move container from fire area if 
this is possible without hazard.  Burning liquids may be moved by flushing with water to protect 
personnel and minimize property damage.   
 
Special protective equipment for firefighters: Wear positive-pressure self-contained breathing 
apparatus (SCBA) and protective fire fighting clothing (includes fire fighting helmet, coat, trousers, 
boots, and gloves).  If protective equipment is not available or not used, fight fire from a protected 
location or safe distance.   
 
6. ACCIDENTAL RELEASE MEASURES 
Personal precautions, protective equipment and emergency procedures: Isolate area.  Keep 
unnecessary and unprotected personnel from entering the area.  Refer to section 7, Handling, for 
additional precautionary measures.  Use appropriate safety equipment. For additional information, 
refer to Section 8, Exposure Controls and Personal Protection.   
 
Environmental precautions: Prevent from entering into soil, ditches, sewers, waterways and/or 
groundwater. See Section 12, Ecological Information.   
 
Methods and materials for containment and cleaning up: Contain spilled material if possible.  
Collect in suitable and properly labeled containers.  Small spills:  Absorb with materials such as:  Cat 
litter.  Sand.  Sawdust.  Zorb-all®.  Hazorb®.  Large spills:  Dike area to contain spill.  Pump into 
suitable and properly labeled containers.  See Section 13, Disposal Considerations, for additional 
information.   
 
7. HANDLING AND STORAGE 
Precautions for safe handling: Do not swallow.  Avoid contact with eyes.  Wash thoroughly after 
handling.  Spills of these organic materials on hot fibrous insulations may lead to lowering of the 
autoignition temperatures possibly resulting in spontaneous combustion.  See Section 8, EXPOSURE 
CONTROLS AND PERSONAL PROTECTION.   
 
Conditions for safe storage: Do not store near food, foodstuffs, drugs or potable water supplies.  
Additional storage and handling information on this product may be obtained by calling your sales or 
customer service contact.  Ask for a product brochure.   
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8. EXPOSURE CONTROLS/PERSONAL PROTECTION 
Control parameters 
Exposure limits are listed below, if they exist. 
Component Regulation Type of listing Value/Notation 
Ethylene glycol Dow IHG TWA  50 mg/m3   
 Dow IHG STEL  100 mg/m3   
 ACGIH STEL Aerosol only 10 mg/m3   
 ACGIH TWA Vapour and 
aerosol 
  25 ppm 
 ACGIH STEL Vapour and 
aerosol 
  50 ppm 
 
Exposure controls 
Engineering controls: Use local exhaust ventilation, or other engineering controls to maintain 
airborne levels below exposure limit requirements or guidelines.  If there are no applicable exposure 
limit requirements or guidelines, general ventilation should be sufficient for most operations.  Local 
exhaust ventilation may be necessary for some operations.   
 
Individual protection measures 
Eye/face protection: Use safety glasses (with side shields).  If there is a potential for 
exposure to particles which could cause eye discomfort, wear chemical goggles.  If exposure 
causes eye discomfort, use a full-face respirator.   
Skin protection 
Hand protection: Use gloves chemically resistant to this material when prolonged or 
frequently repeated contact could occur.  If hands are cut or scratched, use gloves 
chemically resistant to this material even for brief exposures.  Use gloves with 
insulation for thermal protection, when needed.  Examples of preferred glove barrier 
materials include:  Natural rubber ("latex").  Neoprene.  Nitrile/butadiene rubber 
("nitrile" or "NBR").  Polyethylene.  Ethyl vinyl alcohol laminate ("EVAL").  Polyvinyl 
alcohol ("PVA").  Polyvinyl chloride ("PVC" or "vinyl").  NOTICE: The selection of a 
specific glove for a particular application and duration of use in a workplace should 
also take into account all relevant workplace factors such as, but not limited to: Other 
chemicals which may be handled, physical requirements (cut/puncture protection, 
dexterity, thermal protection), potential body reactions to glove materials, as well as 
the instructions/specifications provided by the glove supplier.   
Other protection: When prolonged or frequently repeated contact could occur, use 
protective clothing chemically resistant to this material. Selection of specific items 
such as faceshield, boots, apron, or full-body suit will depend on the task.  When 
handling hot material, protect skin from thermal burns as well as from skin absorption.   
Respiratory protection: Respiratory protection should be worn when there is a potential to 
exceed the exposure limit requirements or guidelines.  If there are no applicable exposure limit 
requirements or guidelines, wear respiratory protection when adverse effects, such as 
respiratory irritation or discomfort have been experienced, or where indicated by your risk 
assessment process.  For most conditions, no respiratory protection should be needed; 
however, if material is heated or sprayed, use an approved air-purifying respirator.   
The following should be effective types of air-purifying respirators:  Organic vapor cartridge 
with a particulate pre-filter.   
 
9. PHYSICAL AND CHEMICAL PROPERTIES 
Appearance 
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Physical state Liquid.   
Color Colorless   
Odor Sweet   
Odor Threshold No test data available   
pH 9 Literature  
Melting point/range Not applicable to liquids 
Freezing point -11.2 °C  ( 11.8 °F) Literature  
Boiling point (760 mmHg) 197.4 °C  ( 387.3 °F) Literature  
Flash point closed cup 111 °C  ( 232 °F) Literature  
Evaporation Rate (Butyl Acetate 
= 1) 
0.01  Literature   
Flammability (solid, gas) Not Applicable 
Lower explosion limit 3.2 % vol  Literature   
Upper explosion limit 15.3 % vol  Literature   
Vapor Pressure 0.067 hPa  at 20 °C  (68 °F) Literature  
Relative Vapor Density (air = 1) 2.1  Literature  
Relative Density (water = 1) 1.115  at 20 °C  (68 °F)  / 20 °C  Literature  
Water solubility 100 % Literature  
Partition coefficient: n-
octanol/water 
log Pow: -1.36 Measured  
Auto-ignition temperature 398 °C   (748 °F)  Literature   
Decomposition temperature No test data available   
Dynamic Viscosity 19.83 mPa.s at 20 °C  (68 °F) Literature  
Kinematic Viscosity No data available 
Explosive properties No data available  
Oxidizing properties No data available  
Molecular weight 62 g/mol  Literature   
Molecular formula HOC2H4OH 
 
NOTE:  The physical data presented above are typical values and should not be construed as a 
specification. 
 
10. STABILITY AND REACTIVITY 
Reactivity: No data available  
 
Chemical stability: Thermally stable at recommended temperatures and pressures.   
 
Possibility of hazardous reactions: Polymerization will not occur.   
  
Conditions to avoid: Exposure to elevated temperatures can cause product to decompose.  
Generation of gas during decomposition can cause pressure in closed systems.   
 
Incompatible materials: Avoid contact with:  Strong acids.  Strong bases.  Strong oxidizers.   
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Hazardous decomposition products: Decomposition products depend upon temperature, air supply 
and the presence of other materials.  Decomposition products can include and are not limited to:  
Aldehydes.  Alcohols.  Ethers.   
 
11. TOXICOLOGICAL INFORMATION 
 
Toxicological information appears in this section when such data is available. 
 
Acute toxicity 
Acute oral toxicity 
Oral toxicity is expected to be moderate in humans due to ethylene glycol even though tests 
with animals show a lower degree of toxicity.  Ingestion of quantities (approximately 65 mL (2 
oz.) for diethylene glycol or 100 mL (3 oz.) for ethylene glycol) has caused death in humans.  
May cause nausea and vomiting.  May cause abdominal discomfort or diarrhea.  Excessive 
exposure may cause central nervous system effects, cardiopulmonary effects (metabolic 
acidosis), and kidney failure.   
 
LD50, Rat, male and female, 7,712 mg/kg   
Lethal Dose, Human, adult, 3 Ounces Estimated.  
 
Acute dermal toxicity 
Prolonged skin contact is unlikely to result in absorption of harmful amounts.  Repeated skin 
exposure to large quantities may result in absorption of harmful amounts.  Massive contact 
with damaged skin or of material sufficiently hot to burn skin may result in absorption of 
potentially lethal amounts.   
 
LD50, Rabbit, > 10,600 mg/kg  
LD50, Mouse, male and female, > 3,500 mg/kg  
 
Acute inhalation toxicity 
At room temperature, exposure to vapor is minimal due to low volatility.  With good ventilation, 
single exposure is not expected to cause adverse effects. If material is heated or areas are 
poorly ventilated, vapor/mist may accumulate and cause respiratory irritation and symptoms 
such as headache and nausea.   
 
LC50, Rat, male and female, 6 Hour, dust/mist, > 2.5 mg/l  
 
 
Skin corrosion/irritation 
Brief contact is essentially nonirritating to skin. 
Prolonged contact may cause slight skin irritation with local redness. 
Repeated contact may cause skin irritation with local redness. 
 
Serious eye damage/eye irritation 
May cause slight eye irritation. 
Corneal injury is unlikely. 
Vapor or mist may cause eye irritation. 
 
Sensitization 
Did not cause allergic skin reactions when tested in guinea pigs. 
 
For respiratory sensitization: 
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No relevant data found. 
 
Specific Target Organ Systemic Toxicity (Single Exposure) 
Evaluation of available data suggests that this material is not an STOT-SE toxicant. 
 
Specific Target Organ Systemic Toxicity (Repeated Exposure) 
Observations in humans include: 
Nystagmus (involuntary eye movement). 
In animals, effects have been reported on the following organs: 
Kidney. 
Liver. 
 
Carcinogenicity 
Ethylene glycol did not cause cancer in long-term animal studies.   
 
Teratogenicity 
Based on animal studies, ingestion of very large amounts of ethylene glycol appears to be the major 
and possibly only route of exposure to produce birth defects. Exposures by inhalation or skin contact, 
the primary routes of occupational exposure, had minimal effect on the fetus, in animal studies.   
 
Reproductive toxicity 
Ingestion of large amounts of ethylene glycol has been shown to interfere with reproduction in animals.   
 
Mutagenicity 
In vitro genetic toxicity studies were negative.  Animal genetic toxicity studies were negative.   
 
Aspiration Hazard 
Based on physical properties, not likely to be an aspiration hazard.   
 
12. ECOLOGICAL INFORMATION 
 
Ecotoxicological information appears in this section when such data is available. 
 
Toxicity 
Acute toxicity to fish 
Material is practically non-toxic to aquatic organisms on an acute basis 
(LC50/EC50/EL50/LL50 >100 mg/L in the most sensitive species tested). 
 
LC50, Pimephales promelas (fathead minnow), static test, 96 Hour, 72,860 mg/l, Other 
guidelines 
 
Acute toxicity to aquatic invertebrates 
EC50, Daphnia magna (Water flea), static test, 48 Hour, > 100 mg/l, OECD Test Guideline 
202 or Equivalent 
 
Acute toxicity to algae/aquatic plants 
ErC50, Pseudokirchneriella subcapitata (green algae), 96 Hour, Growth rate inhibition, 6,500 - 
13,000 mg/l, Other guidelines 
 
Toxicity to bacteria 
EC50, activated sludge, 30 min, 225 mg/l, OECD 209 Test 
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Persistence and degradability 
Biodegradability: Material is readily biodegradable.  Passes OECD test(s) for ready 
biodegradability.  Material is ultimately biodegradable (reaches > 70% mineralization in OECD 
test(s) for inherent biodegradability).   
10-day Window: Pass   
Biodegradation:  90 - 100 %  
Exposure time: 10 d  
Method: OECD Test Guideline 301A or Equivalent   
10-day Window: Not applicable   
Biodegradation:  90 %  
Exposure time: 1 d  
Method: OECD Test Guideline 302B or Equivalent   
 
Theoretical Oxygen Demand:  1.29 mg/mg   
 
Bioaccumulative potential 
Bioaccumulation: Bioconcentration potential is low (BCF < 100 or Log Pow < 3).   
Partition coefficient: n-octanol/water(log Pow): -1.36 Measured  
 
Mobility in soil 
Given its very low Henry's constant, volatilization from natural bodies of water or moist soil is 
not expected to be an important fate process. 
Potential for mobility in soil is very high (Koc between 0 and 50). 
Partition coefficient (Koc): 1 Estimated. 
 
 
13. DISPOSAL CONSIDERATIONS 
Disposal methods: DO NOT DUMP INTO ANY SEWERS, ON THE GROUND, OR INTO ANY BODY 
OF WATER.  All disposal practices must be in compliance with all Federal, State/Provincial and local 
laws and regulations.  Regulations may vary in different locations.  Waste characterizations and 
compliance with applicable laws are the responsibility solely of the waste generator.  WE HAVE NO 
CONTROL OVER THE MANAGEMENT PRACTICES OR MANUFACTURING PROCESSES OF 
PARTIES HANDLING OR USING THIS MATERIAL.  THE INFORMATION PRESENTED HERE 
PERTAINS ONLY TO THE PRODUCT AS SHIPPED IN ITS INTENDED CONDITION AS 
DESCRIBED IN MSDS SECTION: Composition Information.  FOR UNUSED & UNCONTAMINATED 
PRODUCT, the preferred options include sending to a licensed, permitted:  Recycler.  Reclaimer.  
Incinerator or other thermal destruction device.   
 
14. TRANSPORT INFORMATION 
DOT 
Proper shipping name Environmentally hazardous substance, liquid, n.o.s.(Ethylene 
glycol) 
UN number UN  3082 
Class 9 
Packing group III 
Reportable Quantity Ethylene glycol 
 
 
 
Classification for SEA transport (IMO-IMDG): 
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 Not regulated for transport 
Transport in bulk 
according to Annex I or II 
of MARPOL 73/78 and the 
IBC or IGC Code 
Consult IMO regulations before transporting ocean bulk 
 
Classification for AIR transport (IATA/ICAO): 
 Not regulated for transport 
 
 
 
This information is not intended to convey all specific regulatory or operational 
requirements/information relating to this product.  Transportation classifications may vary by container 
volume and may be influenced by regional or country variations in regulations.  Additional 
transportation system information can be obtained through an authorized sales or customer service 
representative.  It is the responsibility of the transporting organization to follow all applicable laws, 
regulations and rules relating to the transportation of the material. 
 
 
 
15. REGULATORY INFORMATION 
Superfund Amendments and Reauthorization Act of 1986 Title III (Emergency Planning and 
Community Right-to-Know Act of 1986) Sections 311 and 312  
Acute Health Hazard 
Chronic Health Hazard 
 
Superfund Amendments and Reauthorization Act of 1986 Title III (Emergency Planning and 
Community Right-to-Know Act of 1986) Section 313 
This product contains the following substances which are subject to the reporting requirements of 
Section 313 of Title III of the Superfund Amendments and Reauthorization Act of 1986 and which are 
listed in 40 CFR 372. 
Components CASRN 
Ethylene glycol 107-21-1 
 
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) 
Section 103 
Calculated RQ exceeds reasonably attainable upper limit. 
Components CASRN RQ (RCRA Code) 
Ethylene glycol 107-21-1 5000 lbs RQ  
 
U.S. Toxic Substances Control Act (TSCA) 
All components of this product are either on the TSCA Inventory, are exempt from TSCA Inventory 
Requirements under 40 CFR 720.30, or comply with the PMN Polymer Exemption 40 CFR 723.250. 
 
 
Pennsylvania Worker and Community Right-To-Know Act: 
To the best of our knowledge, this product does not contain chemicals at levels which require reporting 
under this statute. 
 
California Proposition 65 (Safe Drinking Water and Toxic Enforcement Act of 1986) 
WARNING: This product contains a chemical(s) known to the State of California to cause cancer. 
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Components CASRN 
Acetaldehyde 75-07-0 
1,4-Dioxane 123-91-1 
 
16. OTHER INFORMATION 
 
Revision 
Identification Number: 101232907 / MS02/ Issue Date: 12/06/2018 / Version: 17.0 
Most recent revision(s) are noted by the bold, double bars in left-hand margin throughout this 
document. 
 
Legend 
ACGIH USA. American Conference of Governmental Industrial Hygienists (ACGIH) 
Threshold Limit Values (TLV) 
Dow IHG Dow Industrial Hygiene Guideline 
STEL Short-term exposure limit 
TWA 8-hour, time-weighted average 
 
Information Source and References 
This SDS is prepared by Product Regulatory Services and Hazard Communications Groups from 
information supplied by internal references within our company. 
 
 
MEGLOBAL AMERICAS INC. urges each customer or recipient of this (M)SDS to study it carefully 
and consult appropriate expertise, as necessary or appropriate, to become aware of and understand 
the data contained in this (M)SDS and any hazards associated with the product.  The information 
herein is provided in good faith and believed to be accurate as of the effective date shown above.  
However, no warranty, express or implied, is given.  Regulatory requirements are subject to change 
and may differ between various locations. It is the buyer's/user's responsibility to ensure that his 
activities comply with all federal, state, provincial or local laws.  The information presented here 
pertains only to the product as shipped.  Since conditions for use of the product are not under the 
control of the manufacturer, it is the buyer's/user's duty to determine the conditions necessary for the 
safe use of this product.  Due to the proliferation of sources for information such as manufacturer-
specific (M)SDSs, we are not and cannot be responsible for (M)SDSs obtained from any source other 
than ourselves.  If you have obtained an (M)SDS from another source or if you are not sure that the 
(M)SDS you have is current, please contact us for the most current version.   
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 SAFETY DATA SHEET 
MEGLOBAL AMERICAS INC. 
 
Product name: DIETHYLENE GLYCOL HIGH PURITY Issue Date: 02/01/2018 
 
 
MEGLOBAL AMERICAS INC. encourages and expects you to read and understand the entire 
(M)SDS, as there is important information throughout the document.  We expect you to follow the 
precautions identified in this document unless your use conditions would necessitate other appropriate 
methods or actions. 
 
1. IDENTIFICATION 
Product name: DIETHYLENE GLYCOL HIGH PURITY 
 
Recommended use of the chemical and restrictions on use 
Identified uses: For industrial use.  It is recommended that you use this product in a manner 
consistent with the recommended use.  If your intended use is not consistent with the recommended 
use, please contact our Customer Information Group (telephone number in Section 1 of this 
document).   
 
COMPANY IDENTIFICATION 
MEGLOBAL AMERICAS INC. 
2150 TOWN SQUARE PLACE 
SEVENTH FLOOR, SUITE 750 
SUGAR LAND TX  77479-1643 
UNITED STATES 
 
Customer Information Number: 1-844-634-5622 
GMBreneman@meglobal.biz 
 
EMERGENCY TELEPHONE NUMBER 
24-Hour Emergency Contact: 800-424-9300 
 
2. HAZARDS IDENTIFICATION 
Hazard classification 
This material is hazardous under the criteria of the Federal OSHA Hazard Communication Standard 
29CFR 1910.1200. 
Acute toxicity - Category 4 - Oral 
Specific target organ toxicity - repeated exposure - Category 2 - Oral 
 
Label elements 
Hazard pictograms 
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Signal word: WARNING! 
 
Hazards 
Harmful if swallowed. 
May cause damage to organs (Kidney) through prolonged or repeated exposure if swallowed. 
 
Precautionary statements 
Prevention 
Do not breathe dust/ fume/ gas/ mist/ vapours/ spray. 
Wash skin thoroughly after handling. 
Do not eat, drink or smoke when using this product. 
 
Response 
IF SWALLOWED: Call a POISON CENTER/doctor if you feel unwell. Rinse mouth. 
Get medical advice/ attention if you feel unwell. 
 
Disposal 
Dispose of contents/ container to an approved waste disposal plant. 
 
Other hazards 
No data available 
 
3. COMPOSITION/INFORMATION ON INGREDIENTS 
 
Synonyms: Diethylene Glycol 
This product is a substance. 
Component CASRN Concentration 
 
 
Diethylene glycol 111-46-6 >= 99.0 - <= 100.0 %  
 
Ethylene glycol 107-21-1 >= 0.0 - <= 0.2 %  
 
4. FIRST AID MEASURES 
Description of first aid measures 
General advice: First Aid responders should pay attention to self-protection and use the 
recommended protective clothing (chemical resistant gloves, splash protection).  If potential for 
exposure exists refer to Section 8 for specific personal protective equipment.   
 
Inhalation: Move person to fresh air; if effects occur, consult a physician.   
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Skin contact: Immediately flush skin with water while removing contaminated clothing and shoes. Get 
medical attention if symptoms occur. Wash clothing before reuse. Destroy contaminated leather items 
such as shoes, belts, and watchbands.  Suitable emergency safety shower facility should be 
immediately available.   
 
Eye contact: Flush eyes thoroughly with water for several minutes.  Remove contact lenses after the 
initial 1-2 minutes and continue flushing for several additional minutes.  If effects occur, consult a 
physician, preferably an ophthalmologist.   
 
Ingestion: Do not induce vomiting.  Seek medical attention immediately.  If person is fully conscious 
give 1 cup or 8 ounces (240 ml) of water. If medical advice is delayed and if an adult has swallowed 
several ounces of chemical, then give 3-4 ounces (1/3-1/2 Cup) (90-120 ml) of hard liquor such as 80 
proof whiskey.  For children, give proportionally less liquor at a dose of 0.3 ounce (1 1/2 tsp.) (8 ml) 
liquor for each 10 pounds of body weight, or 2 ml per kg body weight [e.g., 1.2 ounce (2 1/3 tbsp.) for 
a 40 pound child or 36 ml for an 18 kg child].   
 
Most important symptoms and effects, both acute and delayed: Aside from the information found 
under Description of first aid measures (above) and Indication of immediate medical attention and 
special treatment needed (below), any additional important symptoms and effects are described in 
Section 11: Toxicology Information. 
 
Indication of any immediate medical attention and special treatment needed 
Notes to physician: Due to structural analogy and clinical data, this material may have a mechanism 
of intoxication similar to ethylene glycol. On that basis, treatment similar to ethylene glycol intoxication 
may be of benefit.  In cases where several ounces (60 - 100 ml) have been ingested, consider the use 
of ethanol and hemodialysis in the treatment. Consult standard literature for details of treatment.  If 
ethanol is used, a therapeutically effective blood concentration in the range of 100 - 150 mg/dl may be 
achieved by a rapid loading dose followed by a continuous intravenous infusion.  Consult standard 
literature for details of treatment.  4-Methyl pyrazole (Antizol®) is an effective blocker of alcohol 
dehydrogenase and should be used in the treatment of ethylene glycol (EG), di- or triethylene glycol 
(DEG, TEG), ethylene glycol butyl ether (EGBE), or methanol intoxication if available.  Fomepizole 
protocol (Brent, J. et al., New England Journal of Medicine, Feb. 8, 2001, 344:6, p. 424-9): loading 
dose 15 mg/kg intravenously, follow by bolus dose of 10 mg/kg every 12 hours; after 48 hours, 
increase bolus dose to 15 mg/kg every 12 hours.  Continue fomepizole until serum methanol, EG, 
DEG, TEG or EGBE are undetectable.  The signs and symptoms of poisoning include anion gap 
metabolic acidosis, CNS depression, renal tubular injury, and possible late stage cranial nerve 
involvement.  Respiratory symptoms, including pulmonary edema, may be delayed. Persons receiving 
significant exposure should be observed 24-48 hours for signs of respiratory distress.  In severe 
poisoning, respiratory support with mechanical ventilation and positive end expiratory pressure may be 
required.  Maintain adequate ventilation and oxygenation of the patient.  If lavage is performed, 
suggest endotracheal and/or esophageal control.  Danger from lung aspiration must be weighed 
against toxicity when considering emptying the stomach.  If burn is present, treat as any thermal burn, 
after decontamination.  Treatment of exposure should be directed at the control of symptoms and the 
clinical condition of the patient.   
 
5. FIREFIGHTING MEASURES 
Suitable extinguishing media: Water fog or fine spray.  Dry chemical fire extinguishers.  Carbon 
dioxide fire extinguishers.  Foam.  Alcohol resistant foams (ATC type) are preferred. General purpose 
synthetic foams (including AFFF) or protein foams may function, but will be less effective.   
 
Unsuitable extinguishing media: Do not use direct water stream.  May spread fire.   
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Special hazards arising from the substance or mixture 
Hazardous combustion products: During a fire, smoke may contain the original material in addition 
to combustion products of varying composition which may be toxic and/or irritating.  Combustion 
products may include and are not limited to:  Carbon monoxide.  Carbon dioxide.   
 
Unusual Fire and Explosion Hazards: Container may rupture from gas generation in a fire situation.  
Violent steam generation or eruption may occur upon application of direct water stream to hot liquids.     
 
Advice for firefighters 
Fire Fighting Procedures: Keep people away.  Isolate fire and deny unnecessary entry.  Use water 
spray to cool fire exposed containers and fire affected zone until fire is out and danger of reignition has 
passed.  Fight fire from protected location or safe distance. Consider the use of unmanned hose 
holders or monitor nozzles.  Immediately withdraw all personnel from the area in case of rising sound 
from venting safety device or discoloration of the container.  Burning liquids may be extinguished by 
dilution with water.  Do not use direct water stream. May spread fire.  Move container from fire area if 
this is possible without hazard.  Burning liquids may be moved by flushing with water to protect 
personnel and minimize property damage.   
 
Special protective equipment for firefighters: Wear positive-pressure self-contained breathing 
apparatus (SCBA) and protective fire fighting clothing (includes fire fighting helmet, coat, trousers, 
boots, and gloves).  If protective equipment is not available or not used, fight fire from a protected 
location or safe distance.   
 
6. ACCIDENTAL RELEASE MEASURES 
Personal precautions, protective equipment and emergency procedures: Isolate area.  Keep 
unnecessary and unprotected personnel from entering the area.  Refer to section 7, Handling, for 
additional precautionary measures.  Use appropriate safety equipment. For additional information, 
refer to Section 8, Exposure Controls and Personal Protection.   
 
Environmental precautions: Prevent from entering into soil, ditches, sewers, waterways and/or 
groundwater. See Section 12, Ecological Information.   
 
Methods and materials for containment and cleaning up: Contain spilled material if possible.  
Collect in suitable and properly labeled containers.  Small spills:  Absorb with materials such as:  Cat 
litter.  Sand.  Sawdust.  Vermiculite.  Zorb-all®.  Hazorb®.  Large spills:  Dike area to contain spill.  
Pump into suitable and properly labeled containers.  See Section 13, Disposal Considerations, for 
additional information.   
 
7. HANDLING AND STORAGE 
Precautions for safe handling: Avoid contact with eyes, skin, and clothing.  Do not swallow.  Wash 
thoroughly after handling.  Spills of these organic materials on hot fibrous insulations may lead to 
lowering of the autoignition temperatures possibly resulting in spontaneous combustion.  See Section 
8, EXPOSURE CONTROLS AND PERSONAL PROTECTION.   
 
Conditions for safe storage: Do not store near food, foodstuffs, drugs or potable water supplies.  
Additional storage and handling information on this product may be obtained by calling your sales or 
customer service contact.  Ask for a product brochure.   
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8. EXPOSURE CONTROLS/PERSONAL PROTECTION 
Control parameters 
Exposure limits are listed below, if they exist. 
Component Regulation Type of listing Value/Notation 
Diethylene glycol US WEEL TWA  10 mg/m3   
Ethylene glycol Dow IHG TWA  50 mg/m3   
 Dow IHG STEL  100 mg/m3   
 ACGIH STEL Aerosol only 10 mg/m3   
 ACGIH TWA Vapour and 
aerosol 
  25 ppm 
 ACGIH STEL Vapour and 
aerosol 
  50 ppm 
 
Exposure controls 
Engineering controls: Use local exhaust ventilation, or other engineering controls to maintain 
airborne levels below exposure limit requirements or guidelines.  If there are no applicable exposure 
limit requirements or guidelines, general ventilation should be sufficient for most operations.  Local 
exhaust ventilation may be necessary for some operations.   
 
Individual protection measures 
Eye/face protection: Use safety glasses (with side shields).   
Skin protection 
Hand protection: Use gloves chemically resistant to this material when prolonged or 
frequently repeated contact could occur.  Use gloves with insulation for thermal 
protection, when needed.  If hands are cut or scratched, use gloves chemically 
resistant to this material even for brief exposures.  Examples of preferred glove barrier 
materials include:  Butyl rubber.  Natural rubber ("latex").  Neoprene.  Nitrile/butadiene 
rubber ("nitrile" or "NBR").  Polyethylene.  Ethyl vinyl alcohol laminate ("EVAL").  
Polyvinyl alcohol ("PVA").  Polyvinyl chloride ("PVC" or "vinyl").  NOTICE: The 
selection of a specific glove for a particular application and duration of use in a 
workplace should also take into account all relevant workplace factors such as, but 
not limited to: Other chemicals which may be handled, physical requirements 
(cut/puncture protection, dexterity, thermal protection), potential body reactions to 
glove materials, as well as the instructions/specifications provided by the glove 
supplier.   
Other protection: When prolonged or frequently repeated contact could occur, use 
protective clothing chemically resistant to this material. Selection of specific items 
such as faceshield, boots, apron, or full-body suit will depend on the task.  When 
handling hot material, protect skin from thermal burns as well as from skin absorption.   
Respiratory protection: Respiratory protection should be worn when there is a potential to 
exceed the exposure limit requirements or guidelines.  If there are no applicable exposure limit 
requirements or guidelines, wear respiratory protection when adverse effects, such as 
respiratory irritation or discomfort have been experienced, or where indicated by your risk 
assessment process.  For most conditions, no respiratory protection should be needed; 
however, if material is heated or sprayed, use an approved air-purifying respirator.   
The following should be effective types of air-purifying respirators:  Organic vapor cartridge 
with a particulate pre-filter.   
 
9. PHYSICAL AND CHEMICAL PROPERTIES 
Appearance 
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Physical state Liquid.   
Color Colorless   
Odor odourless   
Odor Threshold No test data available   
pH No test data available 
Melting point/range No test data available  
Freezing point -6.5 °C  ( 20.3 °F) Literature  
Boiling point (760 mmHg) 244.9 °C  ( 472.8 °F) Literature  
Flash point closed cup 138 °C  ( 280 °F) Literature  
Evaporation Rate (Butyl Acetate 
= 1) 
No test data available 
Flammability (solid, gas) Not expected to form explosive dust-air mixtures.   
Lower explosion limit 2.0 % vol  Calculated.   
Upper explosion limit 12.3 % vol  Estimated.   
Vapor Pressure 0.008 hPa  at 20 °C  (68 °F) Literature 0.002 mmHg  at 20 °C  
(68 °F) Literature  
Relative Vapor Density (air = 1) 3.65  Literature  
Relative Density (water = 1) 1.118  at 20 °C  (68 °F) Literature  
Water solubility 100 %  at 20 °C  (68 °F)  Literature  
Partition coefficient: n-
octanol/water 
log Pow: -1.98 Estimated.  
Auto-ignition temperature 229 °C   (444 °F)  Literature   
Decomposition temperature No test data available   
Dynamic Viscosity 35.7 mPa.s at 20 °C  (68 °F) Literature  
Kinematic Viscosity No data available 
Explosive properties Not explosive  
Oxidizing properties The substance or mixture is not classified as oxidizing.  
Liquid Density 1.18 g/cm3 at 20 °C  (68 °F) Literature  
Molecular weight No test data available 
 
NOTE:  The physical data presented above are typical values and should not be construed as a 
specification. 
 
10. STABILITY AND REACTIVITY 
Reactivity: No data available  
 
Chemical stability: Thermally stable at recommended temperatures and pressures.   
 
Possibility of hazardous reactions: Polymerization will not occur.   
  
Conditions to avoid: Exposure to elevated temperatures can cause product to decompose.  
Generation of gas during decomposition can cause pressure in closed systems.   
 
Incompatible materials: Avoid contact with:  Strong acids.  Strong bases.  Strong oxidizers.   
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Hazardous decomposition products: Decomposition products depend upon temperature, air supply 
and the presence of other materials.  Decomposition products can include and are not limited to:  
Aldehydes.  Alcohols.  Ethers.   
 
11. TOXICOLOGICAL INFORMATION 
 
Toxicological information appears in this section when such data is available. 
 
Acute toxicity 
Acute oral toxicity 
Oral toxicity is expected to be moderate in humans due to diethylene glycol even though tests 
with animals show a lower degree of toxicity.  Ingestion of quantities (approximately 65 mL (2 
oz.) for diethylene glycol or 100 mL (3 oz.) for ethylene glycol) has caused death in humans.  
May cause nausea and vomiting.  May cause abdominal discomfort or diarrhea.  Excessive 
exposure may cause central nervous system effects, cardiopulmonary effects (metabolic 
acidosis), and kidney failure.   
 
As product:  Single dose oral LD50 has not been determined.   
LD50, Rat, male, 19,600 mg/kg   
Lethal Dose, Human, adult, 2 Ounces Estimated.  
 
Acute dermal toxicity 
Prolonged skin contact is unlikely to result in absorption of harmful amounts.  Repeated skin 
exposure to large quantities may result in absorption of harmful amounts.  Massive contact 
with damaged skin or of material sufficiently hot to burn skin may result in absorption of 
potentially lethal amounts.   
 
LD50, Rabbit, 13,330 mg/kg  
 
Acute inhalation toxicity 
At room temperature, exposure to vapor is minimal due to low volatility.  With good ventilation, 
single exposure is not expected to cause adverse effects. If material is heated or areas are 
poorly ventilated, vapor/mist may accumulate and cause respiratory irritation and symptoms 
such as headache and nausea.   
 
LC50, Rat, 4 Hour, Aerosol, > 4.6 mg/l The LC50 value is greater than the Maximum 
Attainable Concentration. No deaths occurred at this concentration.  
 
 
Skin corrosion/irritation 
Prolonged contact is essentially nonirritating to skin. 
 
Serious eye damage/eye irritation 
May cause slight temporary eye irritation. 
Corneal injury is unlikely. 
 
Sensitization 
Did not cause allergic skin reactions when tested in humans. 
Did not cause allergic skin reactions when tested in guinea pigs. 
 
For respiratory sensitization: 
No relevant data found. 
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Specific Target Organ Systemic Toxicity (Single Exposure) 
The substance or mixture is not classified as specific target organ toxicant, single exposure. 
 
Specific Target Organ Systemic Toxicity (Repeated Exposure) 
In humans, effects have been reported on the following organs: 
Kidney. 
Gastrointestinal tract. 
In humans, symptoms may include: 
Headache. 
Nausea and/or vomiting. 
Abdominal discomfort. 
In animals, effects have been reported on the following organs: 
Liver. 
 
Carcinogenicity 
Diethylene glycol has been tested for carcinogenicity in animal studies and is not believed to pose a 
carcinogenic risk to man.   
 
Teratogenicity 
Diethylene glycol has caused toxicity to the fetus and some birth defects at maternally toxic, high 
doses in animals. Other animal studies have not reproduced birth defects even at much higher doses 
that caused severe maternal toxicity.   
 
Reproductive toxicity 
Diethylene glycol did not interfere with reproduction in animal studies except at very high doses.   
 
Mutagenicity 
In vitro genetic toxicity studies were negative.  Animal genetic toxicity studies were negative.   
 
Aspiration Hazard 
Based on physical properties, not likely to be an aspiration hazard.   
 
12. ECOLOGICAL INFORMATION 
 
Ecotoxicological information appears in this section when such data is available. 
 
Toxicity 
Acute toxicity to fish 
Material is practically non-toxic to aquatic organisms on an acute basis 
(LC50/EC50/EL50/LL50 >100 mg/L in the most sensitive species tested). 
 
LC50, Pimephales promelas (fathead minnow), flow-through test, 96 Hour, 75,200 mg/l, 
OECD Test Guideline 203 or Equivalent 
 
Toxicity to bacteria 
EC50, activated sludge, 3 Hour, > 1,000 mg/l, OECD 209 Test 
 
Persistence and degradability 
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Biodegradability: Material is readily biodegradable.  Passes OECD test(s) for ready 
biodegradability.  Material is ultimately biodegradable (reaches > 70% mineralization in OECD 
test(s) for inherent biodegradability).   
10-day Window: Pass   
Biodegradation:  90 - 100 %  
Exposure time: 20 d  
Method: OECD Test Guideline 301A or Equivalent   
10-day Window: Not applicable   
Biodegradation:  82 - 98 %  
Exposure time: 28 d  
Method: OECD Test Guideline 302C or Equivalent   
 
Theoretical Oxygen Demand:  1.51 mg/mg   
 
Bioaccumulative potential 
Bioaccumulation: Bioconcentration potential is low (BCF < 100 or Log Pow < 3).   
Partition coefficient: n-octanol/water(log Pow): -1.98 at 20 °C Estimated.  
Bioconcentration factor (BCF): 100  Fish    Measured 
 
Mobility in soil 
Given its very low Henry's constant, volatilization from natural bodies of water or moist soil is 
not expected to be an important fate process. 
Potential for mobility in soil is very high (Koc between 0 and 50). 
Partition coefficient (Koc): < 1 Estimated. 
 
 
13. DISPOSAL CONSIDERATIONS 
Disposal methods: DO NOT DUMP INTO ANY SEWERS, ON THE GROUND, OR INTO ANY BODY 
OF WATER.  All disposal practices must be in compliance with all Federal, State/Provincial and local 
laws and regulations.  Regulations may vary in different locations.  Waste characterizations and 
compliance with applicable laws are the responsibility solely of the waste generator.  WE HAVE NO 
CONTROL OVER THE MANAGEMENT PRACTICES OR MANUFACTURING PROCESSES OF 
PARTIES HANDLING OR USING THIS MATERIAL.  THE INFORMATION PRESENTED HERE 
PERTAINS ONLY TO THE PRODUCT AS SHIPPED IN ITS INTENDED CONDITION AS 
DESCRIBED IN MSDS SECTION: Composition Information.  FOR UNUSED & UNCONTAMINATED 
PRODUCT, the preferred options include sending to a licensed, permitted:  Recycler.  Reclaimer.  
Incinerator or other thermal destruction device.   
 
14. TRANSPORT INFORMATION 
DOT 
 Not regulated for transport 
 
 
 
Classification for SEA transport (IMO-IMDG): 
 Not regulated for transport 
Transport in bulk 
according to Annex I or II 
of MARPOL 73/78 and the 
IBC or IGC Code 
Consult IMO regulations before transporting ocean bulk 
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Classification for AIR transport (IATA/ICAO): 
 Not regulated for transport 
 
 
 
This information is not intended to convey all specific regulatory or operational 
requirements/information relating to this product.  Transportation classifications may vary by container 
volume and may be influenced by regional or country variations in regulations.  Additional 
transportation system information can be obtained through an authorized sales or customer service 
representative.  It is the responsibility of the transporting organization to follow all applicable laws, 
regulations and rules relating to the transportation of the material. 
 
 
 
15. REGULATORY INFORMATION 
Superfund Amendments and Reauthorization Act of 1986 Title III (Emergency Planning and 
Community Right-to-Know Act of 1986) Sections 311 and 312  
Acute Health Hazard 
Chronic Health Hazard 
 
Superfund Amendments and Reauthorization Act of 1986 Title III (Emergency Planning and 
Community Right-to-Know Act of 1986) Section 313 
This material does not contain any chemical components with known CAS numbers that exceed the 
threshold (De Minimis) reporting levels established by SARA Title III, Section 313. 
 
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) 
Section 103 
Calculated RQ exceeds reasonably attainable upper limit. 
Components CASRN RQ (RCRA Code) 
Ethylene glycol 107-21-1 5000 lbs RQ  
 
U.S. Toxic Substances Control Act (TSCA) 
All components of this product are on the TSCA Inventory or are exempt from TSCA Inventory 
requirements under 40 CFR 720.30 
 
 
Pennsylvania Worker and Community Right-To-Know Act: 
The following chemicals are listed because of the additional requirements of Pennsylvania law: 
 
Components CASRN 
Diethylene glycol 111-46-6 
 
California Proposition 65 (Safe Drinking Water and Toxic Enforcement Act of 1986) 
WARNING: This product contains a chemical(s) known to the State of California to cause birth defects 
or other reproductive harm. 
 
Components CASRN 
Ethylene glycol monomethyl ether 109-86-4 
 
California Proposition 65 (Safe Drinking Water and Toxic Enforcement Act of 1986) 
WARNING: This product contains a chemical(s) known to the State of California to cause cancer. 
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Components CASRN 
1,4-Dioxane 123-91-1 
 
16. OTHER INFORMATION 
 
Hazard Rating System 
NFPA 
Health Fire Reactivity  
1 1 0  
 
Revision 
Identification Number: 101197038 / MS02 / Issue Date: 02/01/2018/ Version: 16.0 
Most recent revision(s) are noted by the bold, double bars in left-hand margin throughout this 
document. 
 
Legend 
ACGIH USA. ACGIH Threshold Limit Values (TLV) 
Dow IHG Dow Industrial Hygiene Guideline 
STEL Short-term exposure limit 
TWA 8-hour, time-weighted average 
US WEEL USA. Workplace Environmental Exposure Levels (WEEL) 
 
Information Source and References 
This SDS is prepared by Product Regulatory Services and Hazard Communications Groups from 
information supplied by internal references within our company. 
 
 
MEGLOBAL AMERICAS INC. urges each customer or recipient of this (M)SDS to study it carefully 
and consult appropriate expertise, as necessary or appropriate, to become aware of and understand 
the data contained in this (M)SDS and any hazards associated with the product.  The information 
herein is provided in good faith and believed to be accurate as of the effective date shown above.  
However, no warranty, express or implied, is given.  Regulatory requirements are subject to change 
and may differ between various locations. It is the buyer's/user's responsibility to ensure that his 
activities comply with all federal, state, provincial or local laws.  The information presented here 
pertains only to the product as shipped.  Since conditions for use of the product are not under the 
control of the manufacturer, it is the buyer's/user's duty to determine the conditions necessary for the 
safe use of this product.  Due to the proliferation of sources for information such as manufacturer-
specific (M)SDSs, we are not and cannot be responsible for (M)SDSs obtained from any source other 
than ourselves.  If you have obtained an (M)SDS from another source or if you are not sure that the 
(M)SDS you have is current, please contact us for the most current version.   
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SAFETY DATA SHEET
Creation Date  17-Nov-2009 Revision Date  17-Jan-2018 Revision Number  3
1. Identification
Product Name Triethylene glycol
Cat No. : T346-4
CAS-No 112-27-6
Synonyms TEG; Trigen; Triglycol (Laboratory)
Recommended Use Laboratory chemicals.
Uses advised against Not for food, drug, pesticide or biocidal product use
Details of the supplier of the safety data sheet 
Emergency Telephone Number 
CHEMTRECÒ, Inside the USA: 800-424-9300
CHEMTRECÒ, Outside the USA: 001-703-527-3887
2. Hazard(s) identification
Classification 
Classification under 2012 OSHA Hazard Communication Standard (29 CFR 1910.1200)
Label Elements  
None required
Hazards not otherwise classified (HNOC)  
None identified
3. Composition/Information on Ingredients
Component CAS-No Weight %
Triethylene glycol 112-27-6 >95
4. First-aid measures
Eye Contact Rinse immediately with plenty of water, also under the eyelids, for at least 15 minutes. Get
Company 
Fisher Scientific
One Reagent Lane
Fair Lawn, NJ 07410
Tel: (201) 796-7100
Based on available data, the classification criteria are not met
______________________________________________________________________________________________
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medical attention if symptoms occur.
Skin Contact Wash off immediately with plenty of water for at least 15 minutes. Get medical attention if
symptoms occur.
Inhalation Move to fresh air. Get medical attention if symptoms occur. If not breathing, give artificial
respiration.
Ingestion Do not induce vomiting. Get medical attention if symptoms occur.
Most important symptoms and
effects
No information available.
Notes to Physician Treat symptomatically
5. Fire-fighting measures
Suitable Extinguishing Media Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide.
Unsuitable Extinguishing Media No information available
Flash Point  165  °C  /  329  °F
Method - No information available
Autoignition Temperature  371  °C  /  699.8  °F
Explosion Limits
Upper 9.2 vol %
Lower 0.9 vol %
Sensitivity to Mechanical Impact No information available
Sensitivity to Static Discharge No information available
Specific Hazards Arising from the Chemical
Thermal decomposition can lead to release of irritating gases and vapors. Keep product and empty container away from heat and
sources of ignition.
Hazardous Combustion Products
Carbon monoxide (CO) Carbon dioxide (CO2)
Protective Equipment and Precautions for Firefighters
As in any fire, wear self-contained breathing apparatus pressure-demand, MSHA/NIOSH (approved or equivalent) and full
protective gear.
NFPA  
6. Accidental release measures
Personal Precautions Use personal protective equipment. Ensure adequate ventilation. Avoid contact with skin,
eyes and clothing.
Environmental Precautions Avoid release to the environment. See Section 12 for additional ecological information.
Methods for Containment and Clean
Up
Soak up with inert absorbent material. Keep in suitable, closed containers for disposal.
7. Handling and storage
Handling Wear personal protective equipment. Ensure adequate ventilation. Avoid contact with skin,
eyes and clothing. Avoid ingestion and inhalation.
Storage Keep containers tightly closed in a dry, cool and well-ventilated place.
Health
1
Flammability
1
Instability
0
Physical hazards
N/A
______________________________________________________________________________________________
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8. Exposure controls / personal protection
Exposure Guidelines This product does not contain any hazardous materials with occupational exposure
limitsestablished by the region specific regulatory bodies.
9. Physical and chemical properties
Physical State Liquid
Appearance Light yellow
Odor Slight
Odor Threshold No information available
pH No information available
Melting Point/Range  -7  °C  /  19.4  °F
Boiling Point/Range  285  °C  /  545  °F
Flash Point  165  °C  /  329  °F
Evaporation Rate < 0.001
Flammability (solid,gas) Not applicable
Flammability or explosive limits
Upper 9.2 vol %
Lower 0.9 vol %
Vapor Pressure <0.01 mbar  @  20 °C
Vapor Density 5.17
Specific Gravity 1.120
Solubility Soluble in water
Partition coefficient; n-octanol/water No data available
Autoignition Temperature  371  °C  /  699.8  °F
Decomposition Temperature No information available
Viscosity 48 mPa.s @ 20 °C
Molecular Formula C6 H14 O4
Molecular Weight 150.17
10. Stability and reactivity
Reactive Hazard None known, based on information available
Stability Hygroscopic.
Conditions to Avoid Incompatible products. Excess heat. Exposure to moist air or water.
Incompatible Materials Strong oxidizing agents
Hazardous Decomposition Products Carbon monoxide (CO), Carbon dioxide (CO2)
Hazardous Polymerization Hazardous polymerization does not occur.
Engineering Measures None under normal use conditions.
Personal Protective Equipment 
Eye/face Protection Wear appropriate protective eyeglasses or chemical safety goggles as described by
OSHA's eye and face protection regulations in 29 CFR 1910.133 or European Standard
EN166.
Skin and body protection Wear appropriate protective gloves and clothing to prevent skin exposure.
Respiratory Protection No protective equipment is needed under normal use conditions.
Hygiene Measures
______________________________________________________________________________________________
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Hazardous Reactions None under normal processing.
11. Toxicological information
Acute Toxicity 
Product Information No acute toxicity information is available for this product
Component Information
Component LD50 Oral LD50 Dermal LC50 Inhalation
Triethylene glycol LD50 = 17 g/kg  ( Rat ) LD50 > 20 mL/kg  ( Rabbit ) Not listed
Toxicologically Synergistic
Products
No information available
Delayed and immediate effects as well as chronic effects from short and long-term exposure  
Irritation No information available
Sensitization No information available
Carcinogenicity The table below indicates whether each agency has listed any ingredient as a carcinogen.
Component CAS-No IARC NTP ACGIH OSHA Mexico
Triethylene glycol 112-27-6 Not listed Not listed Not listed Not listed Not listed
Mutagenic Effects No information available
Reproductive Effects No information available.
Developmental Effects No information available.
Teratogenicity No information available.
STOT - single exposure None known
STOT - repeated exposure None known
Aspiration hazard No information available
Symptoms  / effects,both acute and
delayed
No information available
Endocrine Disruptor Information No information available
Other Adverse Effects The toxicological properties have not been fully investigated.
12. Ecological information
Ecotoxicity 
.
Component Freshwater Algae Freshwater Fish Microtox Water Flea
Triethylene glycol Not listed LC50: = 61000 mg/L, 96h
flow-through (Lepomis
macrochirus)
LC50: = 10000 mg/L, 96h
static (Lepomis macrochirus)
LC50:  56200 - 63700 mg/L,
96h flow-through
(Pimephales promelas)
EC50 = 850 mg/L 5 min EC50: 42426 mg/L/48h
Persistence and Degradability Persistence is unlikely
Bioaccumulation/ Accumulation No information available.
______________________________________________________________________________________________
Page  4 / 6
347
______________________________________________________________________________________________
Triethylene glycol Revision Date  17-Jan-2018
Mobility . Will likely be mobile in the environment due to its water solubility.
Component log Pow
Triethylene glycol -1.98
13. Disposal considerations
Waste Disposal Methods Chemical waste generators must determine whether a discarded chemical is classified as a
hazardous waste.  Chemical waste generators must also consult local, regional, and
national hazardous waste regulations to ensure complete and accurate classification.
14. Transport information
DOT Not regulated
TDG Not regulated
IATA Not regulated
IMDG/IMO Not regulated
15. Regulatory information
International Inventories
Component TSCA DSL NDSL EINECS ELINCS NLP PICCS ENCS AICS IECSC KECL
Triethylene glycol X X - 203-953-2 - X X X X X
Legend:
X - Listed
E - Indicates a substance that is the subject of a Section 5(e) Consent order under TSCA.
F - Indicates a substance that is the subject of a Section 5(f) Rule under TSCA.
N - Indicates a polymeric substance containing no free-radical initiator in its inventory name but is considered to cover the designated
polymer made with any free-radical initiator regardless of the amount used.
P - Indicates a commenced PMN substance
R - Indicates a substance that is the subject of a Section 6 risk management rule under TSCA.
S - Indicates a substance that is identified in a proposed or final Significant New Use Rule
T - Indicates a substance that is the subject of a Section 4 test rule under TSCA.
XU - Indicates a substance exempt from reporting under the Inventory Update Rule, i.e. Partial Updating of the TSCA Inventory Data Base
Production and Site Reports (40 CFR 710(B).
Y1 - Indicates an exempt polymer that has a number-average molecular weight of 1,000 or greater.
Y2 - Indicates an exempt polymer that is a polyester and is made only from reactants included in a specified list of low concern reactants
that comprises one of the eligibility criteria for the exemption rule.
U.S. Federal Regulations  
TSCA 12(b) Not applicable
SARA 313 Not applicable
SARA 311/312 Hazard Categories See section 2 for more information
CWA (Clean Water Act) Not applicable
Clean Air Act Not applicable
OSHA Occupational Safety and Health Administration
Not applicable
CERCLA Not applicable
California Proposition 65 This product does not contain any Proposition 65 chemicals
U.S. State Right-to-Know
Regulations
Component Massachusetts New Jersey Pennsylvania Illinois Rhode Island
Triethylene glycol - - X - X
______________________________________________________________________________________________
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U.S. Department of Transportation
Reportable Quantity (RQ): N
DOT Marine Pollutant N
DOT Severe Marine Pollutant N
U.S. Department of Homeland Security
This product does not contain any DHS chemicals.
Other International Regulations 
Mexico - Grade Slight risk, Grade 1
16. Other information
Prepared By Regulatory Affairs
Thermo Fisher Scientific
Email: EMSDS.RA@thermofisher.com
Creation Date 17-Nov-2009
Revision Date 17-Jan-2018
Print Date 17-Jan-2018
Revision Summary This document has been updated to comply with the US OSHA HazCom 2012 Standard
replacing the current legislation under 29 CFR 1910.1200 to align with the Globally
Harmonized System of Classification and Labeling of Chemicals (GHS).
Disclaimer
The information provided in this Safety Data Sheet is correct to the best of our knowledge, information and belief at the
date of its publication. The information given is designed only as a guidance for safe handling, use, processing, storage,
transportation, disposal and release and is not to be considered a warranty or quality specification. The information
relates only to the specific material designated and may not be valid for such material used in combination with any other
materials or in any process, unless specified in the text
End of SDS
______________________________________________________________________________________________
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SECTION 1: Identification of the substance/mixture and of the company/undertaking 
 
1.1. Product identifier 
Product form : Substance 
Substance name : Methanol 
CAS-No. : 67-56-1 
Product code : VT430 
Formula : CH4O 
Synonyms : acetone alcohol / alcohol C1 / alcohol, methyl / carbinol / colonial spirits / columbian spirits / 
green wood spirits / manhattan spirits / methyl alcohol / methyl hydrate / methyl hydroxide / 
methylen / methylol / monohydroxymethane / pyroligneous spirit / pyroxylic spirit / wood alcohol 
/ wood naphtha 
 
1.2. Relevant identified uses of the substance or mixture and uses advised against 
Use of the substance/mixture : Solvent 
 
1.3. Details of the supplier of the safety data sheet 
Val Tech Diagnostics, A Division of LabChem Inc 
Jackson's Pointe Commerce Park Building 1000 
1010 Jackson's Pointe Court 
Zelienople, PA 16063 
T 412-826-5230 
F 724-473-0647 
 
1.4. Emergency telephone number 
Emergency number : CHEMTREC: 1-800-424-9300 or +1-703-741-5970 
 
SECTION 2: Hazards identification 
 
2.1. Classification of the substance or mixture 
GHS-US classification 
Flam. Liq. 2 H225  
Acute Tox. 3 (Oral) H301  
Acute Tox. 3 (Dermal) H311  
Acute Tox. 3 (Inhalation) H331  
STOT SE 1 H370  
  
Full text of H statements : see section 16 
 
 
2.2. Label elements 
GHS US labeling 
Hazard pictograms (GHS US) : 
 
GHS02 
 
GHS06 
 
GHS08 
   
Signal word (GHS US) : Danger 
Hazard statements (GHS US) : H225 - Highly flammable liquid and vapour 
H301+H311+H331 - Toxic if swallowed, in contact with skin or if inhaled 
H370 - Causes damage to organs (liver, kidneys, central nervous system, optic nerve) (Dermal, 
oral) 
Precautionary statements (GHS US) : P210 - Keep away from heat, sparks, open flames, hot surfaces. - No smoking. 
P233 - Keep container tightly closed. 
P240 - Ground/bond container and receiving equipment. 
P241 - Use explosion-proof electrical, ventilating, lighting equipment 
P242 - Use only non-sparking tools. 
P243 - Take precautionary measures against static discharge. 
P260 - Do not breathe mist, vapors, spray. 
P264 - Wash exposed skin thoroughly after handling. 
P270 - Do not eat, drink or smoke when using this product. 
P271 - Use only outdoors or in a well-ventilated area. 
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P280 - Wear protective gloves, protective clothing, eye protection, face protection. 
P301+P310 - IF SWALLOWED: Immediately call a POISON CENTER or doctor/physician. 
P303+P361+P353 - IF ON SKIN (or hair): Remove/Take off immediately all contaminated 
clothing. Rinse skin with water/shower. 
P304+P340 - IF INHALED: Remove person to fresh air and keep comfortable for breathing. 
P330 - If swallowed, rinse mouth 
P361+P364 - Take off immediately all contaminated clothing and wash it before reuse. 
P370+P378 - In case of fire:  Use carbon dioxide (CO2), powder, alcohol-resistant foam to 
extinguish 
P403+P235 - Store in a well-ventilated place. Keep cool. 
P405 - Store locked up. 
P501 - Dispose of contents/container to comply with local, state and federal regulations 
 
 
2.3. Other hazards 
Other hazards not contributing to the 
classification 
: None. 
2.4. Unknown acute toxicity (GHS US) 
No data available 
SECTION 3: Composition/Information on ingredients 
 
3.1. Substances 
Substance type : Mono-constituent 
 
 
Name Product identifier % GHS-US classification 
Methanol 
(Main constituent) 
(CAS-No.) 67-56-1 100 Flam. Liq. 2, H225 
Acute Tox. 3 (Oral), H301 
Acute Tox. 3 (Dermal), H311 
Acute Tox. 3 (Inhalation), H331 
STOT SE 1, H370 
 
Full text of H-phrases: see section 16 
 
3.2. Mixtures 
Not applicable 
SECTION 4: First aid measures 
 
4.1. Description of first aid measures 
First-aid measures general : Check the vital functions. Unconscious: maintain adequate airway and respiration. Respiratory 
arrest: artificial respiration or oxygen. Cardiac arrest: perform resuscitation. Victim conscious 
with labored breathing: half-seated. Victim in shock: on his back with legs slightly raised. 
Vomiting: prevent asphyxia/aspiration pneumonia. Prevent cooling by covering the victim (no 
warming up). Keep watching the victim. Give psychological aid. Keep the victim calm, avoid 
physical strain. 
First-aid measures after inhalation : Remove the victim into fresh air. Immediately consult a doctor/medical service. 
First-aid measures after skin contact : Wash immediately with lots of water. Soap may be used. Do not apply (chemical) neutralizing 
agents. Remove clothing before washing. Consult a doctor/medical service. 
First-aid measures after eye contact : Rinse with water. Remove contact lenses, if present and easy to do. Continue rinsing. Take 
victim to an ophthalmologist if irritation persists. 
First-aid measures after ingestion : Rinse mouth with water. Immediately after ingestion, give alcohol to drink. Give nothing to 
drink. Do not induce vomiting. Immediately consult a doctor/medical service. Take the 
container/vomit to the doctor/hospital. Call Poison Information Centre (www.big.be/antigif.htm). 
 
4.2. Most important symptoms and effects, both acute and delayed 
Symptoms/effects after inhalation : EXPOSURE TO HIGH CONCENTRATIONS: Coughing. Symptoms similar to those listed under 
ingestion. 
Symptoms/effects after skin contact : Symptoms similar to those listed under ingestion. 
Symptoms/effects after eye contact : Redness of the eye tissue. Lacrimation. 
Symptoms/effects after ingestion : Nausea. Vomiting. AFTER ABSORPTION OF LARGE QUANTITIES: FOLLOWING 
SYMPTOMS MAY APPEAR LATER: Change in the blood composition. Headache. Feeling of 
weakness. Abdominal pain. Muscular pain. Central nervous system depression. Dizziness. 
Mental confusion. Drunkenness. Coordination disorders. Disturbed motor response. 
Disturbances of consciousness. Visual disturbances. Blindness. Respiratory difficulties. 
Cramps/uncontrolled muscular contractions. 
Chronic symptoms : Red skin. Dry skin. Skin rash/inflammation. Headache. Disturbed tactile sensibility. Visual 
disturbances. Sleeplessness. Gastrointestinal complaints. Cardiac and blood circulation effects. 
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 4.3. Indication of any immediate medical attention and special treatment needed 
Immediately after ingestion, give a glass of strong drink, beer or wine to drink. Hospitalize at once for treatment with the right antidotes. 
SECTION 5: Firefighting measures 
 
5.1. Extinguishing media 
Suitable extinguishing media : Quick-acting ABC powder extinguisher. Quick-acting BC powder extinguisher. Quick-acting 
class B foam extinguisher. Quick-acting CO2 extinguisher. Class B foam (alcohol-resistant). 
Water spray if puddle cannot expand. 
Unsuitable extinguishing media : Water (quick-acting extinguisher, reel); risk of puddle expansion. Water; risk of puddle 
expansion. 
 
5.2. Special hazards arising from the substance or mixture 
Fire hazard : DIRECT FIRE HAZARD. Highly flammable liquid and vapour. Gas/vapor flammable with air 
within explosion limits. INDIRECT FIRE HAZARD. May be ignited by sparks. 
Explosion hazard : DIRECT EXPLOSION HAZARD. Gas/vapour explosive with air within explosion limits. 
INDIRECT EXPLOSION HAZARD. may be ignited by sparks. Reactions with explosion 
hazards: see "Reactivity Hazard". 
Reactivity : Violent to explosive reaction with (some) metal powders and with (strong) oxidizers. Violent 
exothermic reaction with (some) acids and with (some) halogens compounds. 
 
5.3. Advice for firefighters 
Firefighting instructions : Cool tanks/drums with water spray/remove them into safety. Do not move the load if exposed to 
heat. Take account of toxic fire-fighting water. Use water moderately and if possible collect or 
contain it. 
Protection during firefighting : Do not enter fire area without proper protective equipment, including respiratory protection. 
SECTION 6: Accidental release measures 
 
6.1. Personal precautions, protective equipment and emergency procedures 
General measures : No flames, no sparks. Eliminate all sources of ignition. No naked lights. No smoking. Dike and 
contain spill. 
6.1.1. For non-emergency personnel 
Protective equipment : Gas-tight suit. 
Emergency procedures : Keep upwind. Mark the danger area. Consider evacuation. Close doors and windows of 
adjacent premises. Stop engines and no smoking. No naked flames or sparks. Spark- and 
explosion-proof appliances and lighting equipment. Keep containers closed. Wash 
contaminated clothes. 
6.1.2. For emergency responders 
Protective equipment : Equip cleanup crew with proper protection. 
Emergency procedures : Stop leak if safe to do so. Ventilate area. 
 
6.2. Environmental precautions 
Prevent soil and water pollution. Prevent spreading in sewers. 
 
6.3. Methods and material for containment and cleaning up 
For containment : Contain released substance, pump into suitable containers. Plug the leak, cut off the supply. 
Dam up the liquid spill. Try to reduce evaporation. Measure the concentration of the explosive 
gas-air mixture. Dilute combustible/toxic gases/vapours with water spray. Take account of 
toxic/corrosive precipitation water. Provide equipment/receptacles with earthing. Do not use 
compressed air for pumping over spills. 
Methods for cleaning up : Take up liquid spill into a non combustible material e.g.: sand, earth, vermiculite slaked lime or 
soda ash. Scoop absorbed substance into closing containers. Carefully collect the 
spill/leftovers. Damaged/cooled tanks must be emptied. Do not use compressed air for 
pumping over spills. Clean contaminated surfaces with an excess of water. Take collected spill 
to manufacturer/competent authority. Wash clothing and equipment after handling. 
 
6.4. Reference to other sections 
No additional information available 
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SECTION 7: Handling and storage 
 
7.1. Precautions for safe handling 
Precautions for safe handling : Use spark-/explosionproof appliances and lighting system. Take precautions against 
electrostatic charges. Keep away from naked flames/heat. Keep away from ignition 
sources/sparks. Measure the concentration in the air regularly. Work under local 
exhaust/ventilation. Comply with the legal requirements. Remove contaminated clothing 
immediately. Clean contaminated clothing. Handle uncleaned empty containers as full ones. 
Thoroughly clean/dry the installation before use. Do not discharge the waste into the drain. Do 
not use compressed air for pumping over. Keep container tightly closed. 
Hygiene measures : Do not eat, drink or smoke when using this product. Wash hands and other exposed areas with 
mild soap and water before eating, drinking or smoking and when leaving work. Wash 
contaminated clothing before reuse. 
 
7.2. Conditions for safe storage, including any incompatibilities 
Incompatible products : Strong oxidizers. Strong bases. Strong acids. Acid anhydrides. Acid chlorides. 
Incompatible materials : Direct sunlight. Heat sources. Sources of ignition. 
Heat-ignition : KEEP SUBSTANCE AWAY FROM: heat sources. ignition sources. 
Prohibitions on mixed storage : KEEP SUBSTANCE AWAY FROM: combustible materials. oxidizing agents. strong acids. 
(strong) bases. halogens. amines. water/moisture. 
Storage area : Store in a cool area. Store in a dry area. Keep container in a well-ventilated place. Fireproof 
storeroom. Keep locked up. Provide for a tub to collect spills. Provide the tank with earthing. 
Unauthorized persons are not admitted. Aboveground. Meet the legal requirements. 
Special rules on packaging : SPECIAL REQUIREMENTS: closing. dry. clean. correctly labelled. meet the legal 
requirements. Secure fragile packagings in solid containers. 
Packaging materials : SUITABLE MATERIAL: steel. stainless steel. iron. glass. MATERIAL TO AVOID: lead. 
aluminium. zinc. polyethylene. PVC. 
 
7.3. Specific end use(s) 
No additional information available 
SECTION 8: Exposure controls/personal protection 
 
8.1. Control parameters 
Methanol (67-56-1) 
USA ACGIH ACGIH TWA (ppm) 200 ppm 
USA ACGIH ACGIH STEL (ppm) 250 ppm 
 
8.2. Exposure controls 
Appropriate engineering controls : Emergency eye wash fountains should be available in the immediate vicinity of any potential 
exposure. Keep concentrations well below lower explosion limits. 
Personal protective equipment : Safety glasses. Protective clothing. Gloves. Full protective flameproof clothing. Face shield. 
    
Materials for protective clothing : GIVE GOOD RESISTANCE: polyethylene/ethylenevinylalcohol. styrene-butadiene rubber. 
viton. GIVE LESS RESISTANCE: chloroprene rubber. chlorinated polyethylene. natural rubber. 
nitrile rubber/PVC. GIVE POOR RESISTANCE: leather. neoprene. nitrile rubber. polyethylene. 
PVA. PVC. polyurethane. 
Hand protection : Protective gloves against chemicals (EN374). 
Eye protection : Safety glasses. 
Skin and body protection : Head/neck protection. Protective clothing. 
Respiratory protection : Full face mask with filter type AX at conc. in air > exposure limit. High vapour/gas 
concentration: self-contained respirator. 
SECTION 9: Physical and chemical properties 
 
9.1. Information on basic physical and chemical properties 
Physical state : Liquid 
  
Appearance : Liquid. 
Molecular mass : 32.04 g/mol 
Color : Colourless. 
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Odor : Characteristic odour. Mild odour. Pleasant odour. Alcohol odour. Commercial/unpurified 
substance: irritating/pungent odour. 
  
Odor threshold : No data available 
  
pH : No data available 
  
Relative evaporation rate (butyl acetate=1) : 4.1 
  
Relative evaporation rate (ether=1) : 6.3 
Melting point : -97.8 °C 
  
Freezing point : No data available 
  
Boiling point : 64.7 °C (1013 hPa) 
  
Flash point : 9.7 °C (Closed cup, 1013 hPa, EU Method A.9: Flash-Point) 
  
Critical temperature : 240 °C 
Auto-ignition temperature : 455 °C (1013 hPa, DIN 51794: Self-ignition temperature) 
  
Decomposition temperature : No data available 
  
Flammability (solid, gas) : No data available 
  
Vapor pressure : 128 hPa (20 °C) 
  
Vapor pressure at 50 °C : 552 hPa 
Critical pressure : 79547 hPa 
Relative vapor density at 20 °C : 1.1 
  
Relative density : 0.79 - 0.80 (20 °C) 
  
Relative density of saturated gas/air mixture : 1 
Specific gravity / density : 790 - 800 kg/m³ (20 °C) 
Solubility : Soluble in water. Soluble in ethanol. Soluble in ether. Soluble in acetone. Soluble in chloroform. 
Water: 100 g/100ml (20 °C) 
Ethanol: complete 
Ether: complete 
Acetone: complete 
  
Log Pow : -0.77 (Experimental value) 
  
Log Kow : No data available 
  
Viscosity, kinematic : No data available 
  
Viscosity, dynamic : 0.544 - 0.59 mPa·s (25 °C) 
  
Explosive properties : No data available 
  
Oxidizing properties : No data available 
  
Explosion limits : 5.5 - 36.5 vol % 
  
 
9.2. Other information 
Minimum ignition energy : 0.14 mJ 
Saturation concentration : 166 g/m³ 
VOC content : 100 % 
Other properties : Clear. Hygroscopic. Volatile. Neutral reaction. 
SECTION 10: Stability and reactivity 
 
10.1. Reactivity 
Violent to explosive reaction with (some) metal powders and with (strong) oxidizers. Violent exothermic reaction with (some) acids and with (some) 
halogens compounds. 
 
10.2. Chemical stability 
Hygroscopic. 
 
10.3. Possibility of hazardous reactions 
No additional information available 
 
10.4. Conditions to avoid 
Direct sunlight. High temperature. Incompatible materials. Open flame. Sparks. Overheating. 
 
10.5. Incompatible materials 
Strong oxidizers. Strong bases. Strong acids. Peroxides. Acid anhydrides. Acid chlorides. 
 
10.6. Hazardous decomposition products 
Carbon dioxide. Carbon monoxide. 
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SECTION 11: Toxicological information 
 
11.1. Information on toxicological effects 
 
Acute toxicity : Not classified 
 
Methanol ( \f )67-56-1 
LD50 oral rat 1187 - 2769 mg/kg body weight (BASF test, Rat, Male / female, Weight of evidence, Aqueous 
solution, Oral, 7 day(s)) 
LD50 dermal rabbit 17100 mg/kg (Rabbit, Inconclusive, insufficient data, Dermal) 
LC50 inhalation rat (mg/l) 128.2 mg/l air (BASF test, 4 h, Rat, Male / female, Experimental value, Inhalation (vapours)) 
ATE CLP (oral) 100 mg/kg body weight 
ATE CLP (dermal) 300 mg/kg body weight 
ATE CLP (gases) 700 ppmV/4h 
ATE CLP (vapors) 3 mg/l/4h 
ATE CLP (dust, mist) 0.5 mg/l/4h 
 
Skin corrosion/irritation : Not classified 
Serious eye damage/irritation : Not classified 
Respiratory or skin sensitization : Not classified 
Germ cell mutagenicity : Not classified 
Carcinogenicity : Not classified 
 
 
Reproductive toxicity : Not classified 
Specific target organ toxicity – single exposure : Causes damage to organs (liver, kidneys, central nervous system, optic nerve) (Dermal, oral). 
 
 
Specific target organ toxicity – repeated 
exposure 
: Not classified 
 
 
Aspiration hazard : Not classified 
Potential Adverse human health effects and 
symptoms 
: Toxic in contact with skin. Toxic if swallowed. Toxic if inhaled. 
Symptoms/effects after inhalation : EXPOSURE TO HIGH CONCENTRATIONS: Coughing. Symptoms similar to those listed under 
ingestion. 
Symptoms/effects after skin contact : Symptoms similar to those listed under ingestion. 
Symptoms/effects after eye contact : Redness of the eye tissue. Lacrimation. 
Symptoms/effects after ingestion : Nausea. Vomiting. AFTER ABSORPTION OF LARGE QUANTITIES: FOLLOWING 
SYMPTOMS MAY APPEAR LATER: Change in the blood composition. Headache. Feeling of 
weakness. Abdominal pain. Muscular pain. Central nervous system depression. Dizziness. 
Mental confusion. Drunkenness. Coordination disorders. Disturbed motor response. 
Disturbances of consciousness. Visual disturbances. Blindness. Respiratory difficulties. 
Cramps/uncontrolled muscular contractions. 
Chronic symptoms : Red skin. Dry skin. Skin rash/inflammation. Headache. Disturbed tactile sensibility. Visual 
disturbances. Sleeplessness. Gastrointestinal complaints. Cardiac and blood circulation effects. 
SECTION 12: Ecological information 
 
12.1. Toxicity 
Ecology - general : Not classified as dangerous for the environment according to the criteria of Regulation (EC) No 
1272/2008. 
Ecology - air : Not included in the list of substances which may contribute to the greenhouse effect (IPCC). 
Not included in the list of fluorinated greenhouse gases (Regulation (EU) No 517/2014). Not 
classified as dangerous for the ozone layer (Regulation (EC) No 1005/2009). 
Ecology - water : Not harmful to crustacea. Not harmful to fishes. Groundwater pollutant. Inhibition of activated 
sludge. Nitrification of activated sludge is inhibited. Not harmful to algae. Not harmful to 
bacteria. 
 
Methanol (67-56-1) 
LC50 fish 1 15400 mg/l (EPA 660/3 - 75/009, 96 h, Lepomis macrochirus, Flow-through system, Fresh 
water, Experimental value, Lethal) 
EC50 Daphnia 1 18260 mg/l (OECD 202: Daphnia sp. Acute Immobilisation Test, 96 h, Daphnia magna, Semi-
static system, Fresh water, Experimental value, Locomotor effect) 
ErC50 (algae) 22000 mg/l (OECD 201: Alga, Growth Inhibition Test, 96 h, Pseudokirchneriella subcapitata, 
Static system, Fresh water, Experimental value) 
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 12.2. Persistence and degradability 
Methanol (67-56-1) 
Persistence and degradability Readily biodegradable in the soil. Readily biodegradable in water. 
Biochemical oxygen demand (BOD) 0.6 - 1.12 g O ₂/g substance 
Chemical oxygen demand (COD) 1.42 g O ₂/g substance 
ThOD 1.5 g O ₂/g substance 
 
 
12.3. Bioaccumulative potential 
Methanol (67-56-1) 
BCF fish 1 1 - 4.5 (72 h, Cyprinus carpio, Static system, Fresh water, Experimental value) 
Log Pow -0.77 (Experimental value) 
Bioaccumulative potential Low potential for bioaccumulation (BCF < 500). 
 
 
12.4. Mobility in soil 
Methanol (67-56-1) 
Surface tension 0.023 N/m (20 °C) 
Log Koc 0.088 (log Koc, SRC PCKOCWIN v2.0, Calculated value) 
Ecology - soil Highly mobile in soil. 
 
 
 
12.5. Other adverse effects 
No additional information available 
SECTION 13: Disposal considerations 
 
13.1. Waste treatment methods 
Waste disposal recommendations : Do not discharge into drains or the environment. Remove waste in accordance with local and/or 
national regulations. Hazardous waste shall not be mixed together with other waste. Different 
types of hazardous waste shall not be mixed together if this may entail a risk of pollution or 
create problems for the further management of the waste. Hazardous waste shall be managed 
responsibly. All entities that store, transport or handle hazardous waste shall take the 
necessary measures to prevent risks of pollution or damage to people or animals. Recycle by 
distillation. Incinerate under surveillance with energy recovery. Obtain the consent of pollution 
control authorities before discharging to wastewater treatment plants. 
Additional information : Hazardous waste according to Directive 2008/98/EC, as amended by Regulation (EU) No 
1357/2014 and Regulation (EU) No 2017/997. 
SECTION 14: Transport information 
 
In accordance with DOT 
Transport document description : UN1230 Methanol, 3, II  
UN-No.(DOT) : 1230 
DOT NA no. : UN1230 
Proper Shipping Name (DOT) : Methanol 
Transport hazard class(es) (DOT) : 3 - Class 3 - Flammable and combustible liquid 49 CFR 173.120 
Hazard labels (DOT) : 3 - Flammable liquid 
 
DOT Symbols : D - Proper shipping name for domestic use only, or to and from Canada 
Packing group (DOT) : II - Medium Danger  
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DOT Special Provisions (49 CFR 172.102) : IB2 - Authorized IBCs: Metal (31A, 31B and 31N); Rigid plastics (31H1 and 31H2); Composite 
(31HZ1).  Additional Requirement: Only liquids with a vapor pressure less than or equal to 110 
kPa at 50 C (1.1 bar at 122 F), or 130 kPa at 55 C (1.3 bar at 131 F) are authorized. 
T7 - 4 178.274(d)(2) Normal............. 178.275(d)(3) 
TP2 - a. The maximum degree of filling must not exceed the degree of filling determined by the 
following: (image) Where: tr is the maximum mean bulk temperature during transport, tf is the 
temperature in degrees celsius of the liquid during filling, and a is the mean coefficient of 
cubical expansion of the liquid between the mean temperature of the liquid during filling (tf) and 
the maximum mean bulk temperature during transportation (tr) both in degrees celsius.  b. For 
liquids transported under ambient conditions may be calculated using the formula: (image) 
Where: d15 and d50 are the densities (in units of mass per unit volume) of the liquid at 15 C 
(59 F) and 50 C (122 F), respectively. 
DOT Packaging Exceptions (49 CFR 173.xxx) : 150 
DOT Packaging Non Bulk (49 CFR 173.xxx) : 202 
DOT Packaging Bulk (49 CFR 173.xxx) : 242 
DOT Quantity Limitations Passenger aircraft/rail 
(49 CFR 173.27) 
: 1 L 
DOT Quantity Limitations Cargo aircraft only (49 
CFR 175.75) 
: 60 L 
DOT Vessel Stowage Location : B - (i) The material may be stowed ‘‘on deck’’ or ‘‘under deck’’ on a cargo vessel and on a 
passenger vessel carrying a number of passengers limited to not more than the larger of 25 
passengers, or one passenger per each 3 m of overall vessel length; and (ii) ‘‘On deck only’’ on 
passenger vessels in which the number of passengers specified in paragraph (k)(2)(i) of this 
section is exceeded. 
DOT Vessel Stowage Other : 40 - Stow ‘‘clear of living quarters’’ 
Marine pollutant : - 
 
 
Additional information 
Other information : No supplementary information available. 
 
 
 
ADR 
Transport document description :  
Hazard identification number (Kemler No.) : 336 
Orange plates : 
 
Tunnel restriction code : D/E 
Transport by sea 
UN-No. (IMDG) : 1230 
Proper Shipping Name (IMDG) : methanol 
Class (IMDG) : 3 - Flammable liquids 
Packing group (IMDG) : II - substances presenting medium danger 
EmS-No. (1) : F-E 
MFAG-No : 19 
EmS-No. (2) : S-D 
Air transport 
UN-No. (IATA) : 1230 
Proper Shipping Name (IATA) : Methanol 
Class (IATA) : 3 - Flammable Liquids 
Packing group (IATA) : II - Medium Danger 
SECTION 15: Regulatory information 
 
15.1. US Federal regulations 
Methanol (67-56-1) 
Listed on the United States TSCA (Toxic Substances Control Act) inventory 
Subject to reporting requirements of United States SARA Section 313 
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Methanol (67-56-1) 
RQ (Reportable quantity, section 304 of EPA's 
List of Lists) 
5000 lb 
SARA Section 311/312 Hazard Classes Physical hazard - Flammable (gases, aerosols, liquids, or solids) 
Health hazard - Acute toxicity (any route of exposure) 
Health hazard - Specific target organ toxicity (single or repeated exposure) 
 
 
 
15.2. International regulations 
CANADA 
Methanol (67-56-1) 
Listed on the Canadian DSL (Domestic Substances List) 
WHMIS Classification Class B Division 2 - Flammable Liquid 
Class D Division 2 Subdivision A - Very toxic material causing other toxic effects 
Class D Division 2 Subdivision B - Toxic material causing other toxic effects 
 
 
EU-Regulations 
No additional information available 
 
 
Classification according to Regulation (EC) No. 1272/2008 [CLP] 
Flam. Liq. 2 H225  
Acute Tox. 3 (Inhalation) H331  
Acute Tox. 3 (Dermal) H311  
Acute Tox. 3 (Oral) H301  
STOT SE 1 H370  
  
Full text of H statements : see section 16 
 
Classification according to Directive 67/548/EEC [DSD] or 1999/45/EC [DPD] 
Not classified 
15.2.2. National regulations 
No additional information available 
 
 
15.3. US State regulations 
Methanol(67-56-1) 
U.S. - California - Proposition 65 - Carcinogens List No 
U.S. - California - Proposition 65 - Developmental 
Toxicity 
Yes 
U.S. - California - Proposition 65 - Reproductive Toxicity 
- Female 
No 
U.S. - California - Proposition 65 - Reproductive Toxicity 
- Male 
No 
 
 
 
SECTION 16: Other information 
 
 
Full text of H-phrases: see section 16: 
------ H225 Highly flammable liquid and vapour 
------ H301 Toxic if swallowed 
------ H311 Toxic in contact with skin 
------ H331 Toxic if inhaled 
------ H370 Causes damage to organs 
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NFPA health hazard : 2 - Materials that, under emergency conditions, can cause 
temporary incapacitation or residual injury. 
 
NFPA fire hazard : 3 - Liquids and solids (including finely divided suspended 
solids) that can be ignited under almost all ambient 
temperature conditions. 
NFPA reactivity : 0 - Material that in themselves are normally stable, even 
under fire conditions. 
 
Hazard Rating 
  
Health : 2 Moderate Hazard - Temporary or minor injury may occur 
Flammability : 3 Serious Hazard 
Physical : 0 Minimal Hazard 
Personal protection  : H 
 
SDS US ValTech 
 
Information in this SDS is from available published sources and is believed to be accurate. No warranty, express or implied, is made and LabChem Inc assumes no liability resulting from the use of this 
SDS. The user must determine suitability of this information for his application. 
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Section 22.5 
Aspen Reports 
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Full Aspen Simulation 
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Section 22.5.1.1: Full Aspen Simulation – Input Summary 
 
; 
;Input Summary created by Aspen Plus Rel. 36.0 at 19:38:40 Sun Apr 21, 2019 
;Directory S:\4.15_FULL_ASPEN_WITH_HX_FIXED (7)  Filename 
C:\Users\goldensa\AppData\Local\Temp\~ap7e9d.txt 
; 
 
 
DYNAMICS 
    DYNAMICS RESULTS=ON 
 
IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
 
DEF-STREAMS CONVEN ALL  
 
MODEL-OPTION  
 
DATABANKS 'APV100 PURE36' / 'APV100 AQUEOUS' / 'APV100 SOLIDS' & 
         / 'APV100 INORGANIC' / 'APESV100 AP-EOS' /  & 
        'NISTV100 NIST-TRC' / NOASPENPCD 
 
PROP-SOURCES 'APV100 PURE36' / 'APV100 AQUEOUS' /  & 
        'APV100 SOLIDS' / 'APV100 INORGANIC' / 'APESV100 AP-EOS' & 
         / 'NISTV100 NIST-TRC' 
 
COMPONENTS  
    ETHAN-01 C2H6O-2 /  
    OXYGE-01 O2 /  
    CARBO-01 CO2 /  
    WATER H2O /  
    ETHYL-01 C2H4O-2 /  
    ACETA-01 C2H4O-1 /  
    ETHYL-02 C2H6O2 /  
    DIETH-01 C4H10O3 /  
    TRIET-01 C6H14O4 /  
    METHA-01 CH4O  
 
HENRY-COMPS GASES OXYGE-01 CARBO-01  
 
SOLVE  
    RUN-MODE MODE=SIM  
 
FLOWSHEET  
    BLOCK MIX1 IN=3 5 7 OUT=8  
    BLOCK R-105 IN=8 OUT=9  
    BLOCK E-202-A IN=10 OUT=11  
    BLOCK A-205 IN=15 12 OUT=17 16  
    BLOCK MIX4 IN=59 61 OUT=62  
    BLOCK R-403 IN=62 OUT=63  
    BLOCK R-404 IN=63 OUT=64  
    BLOCK D-512 IN=72 OUT=76 84  
    BLOCK D-601 IN=84 OUT=85 86  
    BLOCK E-102 IN=2 OUT=3  
    BLOCK F-501 IN=64 OUT=66 65  
    BLOCK F-502 IN=65 Q-614 OUT=68 67  
    BLOCK F-503 IN=67 Q-615 OUT=70 69  
    BLOCK MIXER7 IN=77 78 79 80 OUT=81  
    BLOCK E-504 IN=66 OUT=73 Q-614  
    BLOCK E-505 IN=68 OUT=74 Q-615  
    BLOCK P-510 IN=69 OUT=71  
362
    BLOCK D-302 IN=33 OUT=35 34  
    BLOCK ETH-SPLT IN=39 OUT=41 40  
    BLOCK D-305 IN=37 OUT=39 38  
    BLOCK W1-MIX IN=34 38 OUT=42  
    BLOCK W1-SPLIT IN=55 OUT=57 56  
    BLOCK GAS-SPLT IN=30 OUT=31 32  
    BLOCK D-211 IN=26 OUT=29 28 27  
    BLOCK P-207 IN=19 OUT=22  
    BLOCK P-401 IN=28 OUT=59  
    BLOCK P-507 IN=73 OUT=77  
    BLOCK P-508 IN=74 OUT=78  
    BLOCK P-509 IN=75 OUT=79  
    BLOCK P-513 IN=76 OUT=80  
    BLOCK GR-MIX IN=18 29 OUT=30  
    BLOCK P-402 IN=60 OUT=61  
    BLOCK E-506 IN=70 OUT=75  
    BLOCK P-602 IN=85 OUT=87  
    BLOCK E-603 IN=87 OUT=88  
    BLOCK E-604 IN=86 OUT=89  
    BLOCK P-101 IN=1 OUT=2  
    BLOCK C-104 IN=6 OUT=7  
    BLOCK C-103 IN=4 OUT=5  
    BLOCK C-201 IN=9 OUT=10  
    BLOCK C-206 IN=17 OUT=18  
    BLOCK P-306 IN=43 OUT=46  
    BLOCK W2-MIX IN=81 OUT=82 83  
    BLOCK PRGE-MIX IN=56 32 41 OUT=58  
    BLOCK E-210 IN=25 OUT=26  
    BLOCK E-511 IN=71 OUT=72  
    BLOCK P-303 IN=35 OUT=36  
    BLOCK E-304 IN=36 OUT=37  
    BLOCK E-301 IN=27 OUT=33  
    BLOCK EO-MIX IN=22 23 24 OUT=25  
    BLOCK EO-SPLIT IN=16 OUT=19 20 21  
    BLOCK P-208 IN=20 OUT=23  
    BLOCK P-209 IN=21 OUT=24  
    BLOCK W1P-SPLI IN=42 OUT=43 44 45  
    BLOCK W1P-MIX IN=52 53 54 OUT=55  
    BLOCK P-307 IN=44 OUT=47  
    BLOCK P-308 IN=45 OUT=48  
    BLOCK E-309-A IN=46 OUT=49  
    BLOCK E-309-B IN=49 OUT=52  
    BLOCK E-310-A IN=47 OUT=50  
    BLOCK E-310-B IN=50 OUT=53  
    BLOCK E-311-A IN=48 OUT=51  
    BLOCK E-311-B IN=51 OUT=54  
    BLOCK P-203 IN=13 OUT=14  
    BLOCK E-204 IN=14 OUT=15  
    BLOCK E-202-B IN=11 OUT=12  
 
PROPERTIES UNIQUAC HENRY-COMPS=GASES  
    PROPERTIES UNIFAC  
 
PROP-DATA HENRY-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST HENRY  
    BPVAL OXYGE-01 ETHAN-01 -30.29762546 651.8400270 7.021200000  & 
        -.0149260000 -25.00000000 50.00000000 0.0  
    BPVAL OXYGE-01 WATER 144.4080745 -7775.060000 -18.39740000  & 
        -9.4435400E-3 .8500000000 74.85000000 0.0  
    BPVAL OXYGE-01 ETHYL-02 9.891274535 0.0 0.0 0.0  & 
        20.00000000 20.00000000 0.0  
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    BPVAL OXYGE-01 METHA-01 26.69817654 -767.5700070  & 
        -2.977400000 2.19200000E-3 -25.00000000 50.00000000 0.0  
    BPVAL CARBO-01 ETHAN-01 89.58307554 -5018.799805  & 
        -11.89100000 0.0 10.00000000 40.00000000 0.0  
    BPVAL CARBO-01 WATER 159.1996745 -8477.711000 -21.95743000  & 
        5.78074800E-3 -.1500000000 226.8500000 0.0  
    BPVAL CARBO-01 ETHYL-02 -83.81752946 2941.399902 14.04600000  & 
        0.0 0.0 20.00000000 0.0  
    BPVAL CARBO-01 METHA-01 15.46987454 -3426.699951 1.510800000  & 
        -.0254510000 0.0 20.00000000 0.0  
 
PROP-DATA UNIQ-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST UNIQ  
    BPVAL ETHAN-01 WATER 2.004600000 -728.9705000 0.0 0.0  & 
        24.99000000 100.0000000 0.0  
    BPVAL WATER ETHAN-01 -2.493600000 756.9477000 0.0 0.0  & 
        24.99000000 100.0000000 0.0  
    BPVAL ETHAN-01 ACETA-01 -7.963400000 2209.547900 0.0 0.0  & 
        10.00000000 77.70000000 0.0  
    BPVAL ACETA-01 ETHAN-01 1.226700000 -113.5067000 0.0 0.0  & 
        10.00000000 77.70000000 0.0  
    BPVAL ETHAN-01 ETHYL-02 -8.230800000 2632.925500 0.0 0.0  & 
        50.00000000 190.0000000 0.0  
    BPVAL ETHYL-02 ETHAN-01 2.687600000 -959.5647000 0.0 0.0  & 
        50.00000000 190.0000000 0.0  
    BPVAL WATER ETHYL-01 0.0 133.7554000 0.0 0.0 5.000000000  & 
        50.00000000 0.0  
    BPVAL ETHYL-01 WATER 0.0 -881.8782000 0.0 0.0 5.000000000  & 
        50.00000000 0.0  
    BPVAL WATER ACETA-01 -4.639600000 1516.808600 0.0 0.0  & 
        10.00000000 55.80000000 0.0  
    BPVAL ACETA-01 WATER 12.27620000 -4345.301300 0.0 0.0  & 
        10.00000000 55.80000000 0.0  
    BPVAL WATER ETHYL-02 -.6018000000 120.7787000 0.0 0.0  & 
        30.40000000 196.7000000 0.0  
    BPVAL ETHYL-02 WATER .6018000000 -18.67140000 0.0 0.0  & 
        30.40000000 196.7000000 0.0  
    BPVAL WATER DIETH-01 0.0 -519.4400000 0.0 0.0 101.8500000  & 
        159.3500000 0.0  
    BPVAL DIETH-01 WATER 0.0 370.3248000 0.0 0.0 101.8500000  & 
        159.3500000 0.0  
    BPVAL ETHYL-01 ACETA-01 0.0 -108.8820000 0.0 0.0  & 
        10.40000000 17.30000000 0.0  
    BPVAL ACETA-01 ETHYL-01 0.0 106.5449000 0.0 0.0  & 
        10.40000000 17.30000000 0.0  
    BPVAL ETHYL-02 DIETH-01 3.713200000 -2374.060800 0.0 0.0  & 
        139.5000000 244.0000000 0.0  
    BPVAL DIETH-01 ETHYL-02 -.1438000000 396.9103000 0.0 0.0  & 
        139.5000000 244.0000000 0.0  
    BPVAL DIETH-01 TRIET-01 0.0 -1650.727200 0.0 0.0  & 
        169.0000000 210.0000000 0.0  
    BPVAL TRIET-01 DIETH-01 0.0 443.2478000 0.0 0.0  & 
        169.0000000 210.0000000 0.0  
    BPVAL ETHAN-01 METHA-01 1.289100000 -273.6917000 0.0 0.0  & 
        20.00000000 78.40000000 0.0  
    BPVAL METHA-01 ETHAN-01 -2.650900000 651.4882000 0.0 0.0  & 
        20.00000000 78.40000000 0.0  
    BPVAL WATER METHA-01 .6437000000 -322.1312000 0.0 0.0  & 
        24.99000000 100.0000000 0.0  
    BPVAL METHA-01 WATER -1.066200000 432.8785000 0.0 0.0  & 
        24.99000000 100.0000000 0.0  
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    BPVAL ETHYL-02 METHA-01 2.887900000 -822.9154000 0.0 0.0  & 
        40.00000000 199.0000000 0.0  
    BPVAL METHA-01 ETHYL-02 -30.04410000 9254.067400 0.0 0.0  & 
        40.00000000 199.0000000 0.0  
    BPVAL DIETH-01 METHA-01 1.210500000 -91.64950000 0.0 0.0  & 
        85.35000000 227.1500000 0.0  
    BPVAL METHA-01 DIETH-01 -1.318800000 -14.35410000 0.0 0.0  & 
        85.35000000 227.1500000 0.0  
 
STREAM 1  
    SUBSTREAM MIXED TEMP=25. PRES=1. <atm> MASS-FLOW=36150.  
    MASS-FRAC ETHAN-01 0.98 / WATER 0.0135 / METHA-01 0.0065  
 
STREAM 4  
    SUBSTREAM MIXED TEMP=25. PRES=1. <atm> MASS-FLOW=24450.  
    MASS-FRAC OXYGE-01 1.  
 
STREAM 6  
    SUBSTREAM MIXED TEMP=25. PRES=1. <atm> MASS-FLOW=607500.  
    MASS-FRAC CARBO-01 1.  
 
STREAM 13  
    SUBSTREAM MIXED TEMP=90. <F> PRES=1. <atm>  & 
        MASS-FLOW=3836043.36 <lb/hr>  
    MASS-FRAC WATER 1.  
 
STREAM 60  
    SUBSTREAM MIXED TEMP=25. PRES=1. <atm> MOLE-FLOW=11940.  
    MASS-FRAC WATER 1.  
 
DEF-STREAMS HEAT Q-614 
 
DEF-STREAMS HEAT Q-615 
 
BLOCK EO-MIX MIXER  
    PARAM PRES=-0.3 <atm>  
 
BLOCK GR-MIX MIXER  
    PARAM PRES=-0.3 <atm>  
 
BLOCK MIX1 MIXER  
    PARAM PRES=-0.3 <atm>  
 
BLOCK MIX4 MIXER  
    PARAM PRES=-0.3 <atm>  
 
BLOCK MIXER7 MIXER  
    PARAM PRES=-0.3 <atm>  
 
BLOCK PRGE-MIX MIXER  
    PARAM PRES=-0.3 <atm>  
 
BLOCK W1-MIX MIXER  
    PARAM PRES=-0.3 <atm>  
 
BLOCK W1P-MIX MIXER  
    PARAM PRES=-0.3 <atm>  
 
BLOCK EO-SPLIT FSPLIT  
    PARAM PRES=-0.3 <atm>  
    FRAC 19 0.33333333333 / 20 0.33333333333  
 
BLOCK ETH-SPLT FSPLIT  
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    PARAM PRES=-0.3 <atm>  
    R-FRAC 41 0.03  
 
BLOCK GAS-SPLT FSPLIT  
    PARAM PRES=-0.3 <atm>  
    R-FRAC 32 0.01  
 
BLOCK W1-SPLIT FSPLIT  
    PARAM PRES=-0.3 <atm>  
    R-FRAC 56 0.05  
 
BLOCK W1P-SPLI FSPLIT  
    PARAM PRES=-0.3 <atm>  
    FRAC 43 0.33333333333 / 44 0.33333333333  
 
BLOCK W2-MIX FSPLIT  
    PARAM PRES=-0.3 <atm>  
    R-FRAC 83 0.05  
 
BLOCK D-305 SEP2  
    PARAM PRES=0.  
    STREAM-MASS- MIXED 39 6525.  
    FRAC STREAM=39 SUBSTREAM=MIXED COMPS=ETHAN-01 OXYGE-01  & 
        CARBO-01 ETHYL-01 ACETA-01 METHA-01 FRACS=0.99 0.99  & 
        0.99 0.99 0.99 0.99  
    MOLE-FRAC STREAM=39 SUBSTREAM=MIXED COMPS=ETHYL-02  & 
        DIETH-01 TRIET-01 FRACS=0. 0. 0.  
 
BLOCK E-102 HEATER  
    PARAM TEMP=100. PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK E-202-A HEATER  
    PARAM TEMP=79.444 PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK E-202-B HEATER  
    PARAM TEMP=15. PRES=0. DPPARMOPT=NO  
 
BLOCK E-204 HEATER  
    PARAM TEMP=5. PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK E-210 HEATER  
    PARAM TEMP=98. PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK E-301 HEATER  
    PARAM TEMP=220. <F> PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK E-304 HEATER  
    PARAM TEMP=300. <F> PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK E-309-A HEATER  
    PARAM TEMP=120. <F> PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK E-309-B HEATER  
    PARAM TEMP=40. <F> PRES=0. DPPARMOPT=NO  
 
BLOCK E-310-A HEATER  
    PARAM TEMP=120. <F> PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK E-310-B HEATER  
    PARAM TEMP=40. <F> PRES=0. DPPARMOPT=NO  
 
BLOCK E-311-A HEATER  
    PARAM TEMP=120. <F> PRES=-0.3 <atm> DPPARMOPT=NO  
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 BLOCK E-311-B HEATER  
    PARAM TEMP=40. <F> PRES=0. DPPARMOPT=NO  
 
BLOCK E-504 HEATER  
    PARAM TEMP=90. <F> PRES=0. <atm> DPPARMOPT=NO  
 
BLOCK E-505 HEATER  
    PARAM TEMP=90. <F> PRES=0. <atm> DPPARMOPT=NO  
 
BLOCK E-506 HEATER  
    PARAM TEMP=90. <F> PRES=0. <atm> DPPARMOPT=NO  
 
BLOCK E-511 HEATER  
    PARAM TEMP=200. PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK E-603 HEATER  
    PARAM TEMP=90. <F> PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK E-604 HEATER  
    PARAM TEMP=90. <F> PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK F-501 FLASH2  
    PARAM PRES=0.635 <atm> DUTY=4400000.  
 
BLOCK F-502 FLASH2  
    PARAM PRES=0.48 <atm>  
 
BLOCK F-503 FLASH2  
    PARAM PRES=0.335 <atm>  
 
BLOCK A-205 RADFRAC  
    SUBOBJECTS INTERNALS = CS-1  
    PARAM NSTAGE=9 ALGORITHM=NONIDEAL INIT-OPTION=STANDARD  & 
        HYDRAULIC=NO MAXOL=25 DAMPING=NONE  
    PARAM2 STATIC-DP=YES  
    COL-CONFIG CONDENSER=NONE REBOILER=NONE CA-CONFIG=INT-1  
    FEEDS 15 1 ABOVE-STAGE / 12 9 ON-STAGE  
    PRODUCTS 17 1 V / 16 9 L  
    P-SPEC 1 1. <atm>  
    COL-SPECS DP-COL=0.3 <atm>  
    REPORT NOHYDRAULIC  
    INTERNALS CS-1 STAGE1=2 STAGE2=8 P-UPDATE=NO NPASS=4  & 
        TRAY-SPACE=0.6096  
    TRAY-SIZE 1 2 8 SIEVE  
 
BLOCK D-211 RADFRAC  
    SUBOBJECTS INTERNALS = CS-1  
    PARAM NSTAGE=15 ALGORITHM=STANDARD HYDRAULIC=NO MAXOL=25  & 
        DAMPING=NONE  
    PARAM2 STATIC-DP=YES  
    COL-CONFIG CONDENSER=PARTIAL-V-L CA-CONFIG=INT-1  
    FEEDS 26 8  
    PRODUCTS 29 1 V / 28 1 L / 27 15 L  
    P-SPEC 1 4. <atm>  
    COL-SPECS DP-COL=0.3 <atm> MASS-D=31680. MASS-RR=0.5 T1=5.  
    REPORT NOHYDRAULIC  
    INTERNALS CS-1 STAGE1=2 STAGE2=14 P-UPDATE=NO NPASS=4  
    TRAY-SIZE 1 2 14 SIEVE  
 
BLOCK D-302 RADFRAC  
    SUBOBJECTS INTERNALS = CS-1  
    PARAM NSTAGE=15 ALGORITHM=NEWTON INIT-OPTION=AZEOTROPIC  & 
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        HYDRAULIC=NO MAXOL=25 DAMPING=NONE  
    PARAM2 STATIC-DP=YES  
    COL-CONFIG CONDENSER=TOTAL CA-CONFIG=INT-1  
    FEEDS 33 8  
    PRODUCTS 35 1 L / 34 15 L  
    P-SPEC 1 1. <atm>  
    COL-SPECS QN=25000000. DP-COL=0.3 <atm> MASS-D=7350.  
    REPORT NOHYDRAULIC  
    INTERNALS CS-1 STAGE1=2 STAGE2=14 P-UPDATE=NO NPASS=4  & 
        TRAY-SPACE=0.6096  
    TRAY-SIZE 1 2 14 SIEVE  
 
BLOCK D-512 RADFRAC  
    SUBOBJECTS INTERNALS = CS-1  
    PARAM NSTAGE=11 ALGORITHM=STANDARD HYDRAULIC=NO MAXOL=25  & 
        DAMPING=NONE  
    PARAM2 STATIC-DP=YES  
    COL-CONFIG CONDENSER=TOTAL CA-CONFIG=INT-1  
    FEEDS 72 6  
    PRODUCTS 84 11 L / 76 1 L  
    P-SPEC 1 1. <atm>  
    COL-SPECS DP-COL=0.3 <atm> MASS-D=44225. MASS-RR=0.5  
    REPORT NOHYDRAULIC  
    INTERNALS CS-1 STAGE1=2 STAGE2=10 P-UPDATE=NO NPASS=1  
    TRAY-SIZE 1 2 10 SIEVE  
 
BLOCK D-601 RADFRAC  
    SUBOBJECTS INTERNALS = CS-1  
    PARAM NSTAGE=14 ALGORITHM=STANDARD HYDRAULIC=NO MAXOL=25  & 
        DAMPING=NONE  
    PARAM2 STATIC-DP=YES  
    COL-CONFIG CONDENSER=TOTAL CA-CONFIG=INT-1  
    FEEDS 84 7  
    PRODUCTS 85 1 L / 86 14 L  
    P-SPEC 1 1. <atm>  
    COL-SPECS DP-COL=0.3 <atm> MASS-D=27925. MASS-RR=10.5  
    REPORT NOHYDRAULIC  
    INTERNALS CS-1 STAGE1=2 STAGE2=13 P-UPDATE=NO NPASS=1  
    TRAY-SIZE 1 2 13 SIEVE  
 
BLOCK R-105 RSTOIC  
    PARAM TEMP=200. PRES=1. <atm> NPHASE=1 PHASE=V  
    STOIC 1 MIXED OXYGE-01 -0.5 / ETHAN-01 -1. / WATER 1. /  & 
        ETHYL-01 1.  
    STOIC 2 MIXED ETHAN-01 -1. / OXYGE-01 -0.5 / ACETA-01  & 
        1. / WATER 1.  
    STOIC 3 MIXED ETHAN-01 -1. / OXYGE-01 -3. / CARBO-01 2. / & 
        WATER 3.  
    CONV 1 MIXED ETHAN-01 0.76  
    CONV 2 MIXED ETHAN-01 0.016  
    CONV 3 MIXED ETHAN-01 0.024  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK R-403 RSTOIC  
    PARAM TEMP=150. PRES=10. <atm>  
    STOIC 1 MIXED ETHYL-01 -1. / WATER -1. / ETHYL-02 1.  
    STOIC 2 MIXED ETHYL-01 -1. / ETHYL-02 -1. / DIETH-01 1.  
    STOIC 3 MIXED ETHYL-01 -1. / DIETH-01 -1. / TRIET-01 1.  
    CONV 1 MIXED ETHYL-01 0.93718  
    CONV 2 MIXED ETHYL-01 0.04985  
    CONV 3 MIXED ETHYL-01 0.00997  
 
BLOCK R-404 RSTOIC  
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    PARAM TEMP=130. PRES=10. <atm>  
    STOIC 1 MIXED ETHYL-01 -1. / WATER -1. / ETHYL-02 1.  
    STOIC 2 MIXED ETHYL-01 -1. / ETHYL-02 -1. / DIETH-01 1.  
    STOIC 3 MIXED ETHYL-01 -1. / DIETH-01 -1. / TRIET-01 1.  
    CONV 1 MIXED ETHYL-01 0.88  
    CONV 2 MIXED ETHYL-01 0.095  
    CONV 3 MIXED ETHYL-01 0.025  
 
BLOCK P-101 PUMP  
    PARAM PRES=1.9 <atm> EFF=0.8 DEFF=0.95  
 
BLOCK P-203 PUMP  
    PARAM PRES=1.3 <atm> EFF=0.8 DEFF=0.95 NPHASE=1  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK P-207 PUMP  
    PARAM PRES=4.9 <atm> EFF=0.8 DEFF=0.95 NPHASE=2  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK P-208 PUMP  
    PARAM PRES=4.9 <atm> EFF=0.8 DEFF=0.95  
 
BLOCK P-209 PUMP  
    PARAM PRES=4.9 <atm> EFF=0.8 DEFF=0.95  
 
BLOCK P-303 PUMP  
    PARAM PRES=65. <psig> EFF=0.8 DEFF=0.95  
 
BLOCK P-306 PUMP  
    PARAM PRES=2.5 <atm> EFF=0.8 DEFF=0.95 NPHASE=2  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK P-307 PUMP  
    PARAM PRES=2.2 <atm> EFF=0.8 DEFF=0.95 NPHASE=2  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK P-308 PUMP  
    PARAM PRES=2.5 <atm> EFF=0.8 DEFF=0.95 NPHASE=2  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK P-401 PUMP  
    PARAM PRES=11. <atm> EFF=0.8 DEFF=0.95 NPHASE=2  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK P-402 PUMP  
    PARAM PRES=11. <atm> EFF=0.8 DEFF=0.95  
 
BLOCK P-507 PUMP  
    PARAM PRES=11.6 <atm> EFF=0.8 DEFF=0.95 NPHASE=2  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK P-508 PUMP  
    PARAM PRES=11.6 <atm> EFF=0.8 DEFF=0.95 NPHASE=2  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK P-509 PUMP  
    PARAM PRES=11.6 <atm> EFF=0.8 DEFF=0.95 NPHASE=2  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK P-510 PUMP  
    PARAM PRES=1.6 <atm> EFF=0.8 DEFF=0.95 NPHASE=2  
    BLOCK-OPTION FREE-WATER=NO  
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BLOCK P-513 PUMP  
    PARAM PRES=11.6 <atm> EFF=0.8 DEFF=0.95 NPHASE=2  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK P-602 PUMP  
    PARAM PRES=1.3 <atm>  
 
BLOCK C-103 COMPR  
    PARAM TYPE=ASME-POLYTROP PRES=1.3 <atm> PEFF=0.8 MEFF=0.95  & 
        SB-MAXIT=30 SB-TOL=0.0001   
 
BLOCK C-104 COMPR  
    PARAM TYPE=ASME-POLYTROP PRES=1.3 <atm> PEFF=0.8 MEFF=0.95  & 
        SB-MAXIT=30 SB-TOL=0.0001   
 
BLOCK C-201 COMPR  
    PARAM TYPE=ASME-POLYTROP PRES=1.6 <atm> PEFF=0.8 MEFF=0.95  & 
        SB-MAXIT=30 SB-TOL=0.0001   
 
BLOCK C-206 COMPR  
    PARAM TYPE=ASME-POLYTROP PRES=1.9 <atm> PEFF=0.8 MEFF=0.95  & 
        SB-MAXIT=30 SB-TOL=0.0001   
 
EO-CONV-OPTI  
 
SENSITIVITY ABSORBER  
    DEFINE EORECOV MASS-FLOW STREAM=16 SUBSTREAM=MIXED  & 
        COMPONENT=ETHYL-01 UOM="kg/hr"  
    DEFINE CO2RECOV MASS-FLOW STREAM=16 SUBSTREAM=MIXED  & 
        COMPONENT=CARBO-01 UOM="kg/hr"  
    TABULATE 1 "EORECOV"  
    TABULATE 2 "CO2RECOV"  
    VARY STREAM-VAR STREAM=13 SUBSTREAM=MIXED VARIABLE=MASS-FLOW  & 
        UOM="kg/hr"  
    RANGE OPT-LIST=RANGE LOWER="1.25e6" UPPER="2e6" NPOINT="101"  
    REINIT BLOCKS=ALL STREAMS=ALL  
 
SENSITIVITY AZEOTRPE  
    DEFINE ETHRECOV MASS-FLOW STREAM=35 SUBSTREAM=MIXED  & 
        COMPONENT=ETHAN-01 UOM="kg/hr"  
    DEFINE W1IMPURE MASS-FLOW STREAM=35 SUBSTREAM=MIXED  & 
        COMPONENT=WATER UOM="kg/hr"  
    DEFINE W1BOTFLW MASS-FLOW STREAM=34 SUBSTREAM=MIXED  & 
        COMPONENT=WATER UOM="kg/hr"  
    DEFINE ETHFRAC MOLE-FRAC STREAM=35 SUBSTREAM=MIXED  & 
        COMPONENT=ETHAN-01  
    TABULATE 1 "ETHRECOV"  
    TABULATE 2 "W1IMPURE"  
    TABULATE 3 "W1BOTFLW"  
    TABULATE 4 "ETHFRAC"  
    VARY BLOCK-VAR BLOCK=D-302 VARIABLE=MASS-D  & 
        SENTENCE=COL-SPECS UOM="kg/hr"  
    RANGE OPT-LIST=RANGE LOWER="6500" UPPER="8000" NPOINT="101"  
 
SENSITIVITY DRYETH  
    DEFINE IMPUREW1 MASS-FRAC STREAM=39 SUBSTREAM=MIXED  & 
        COMPONENT=WATER  
    DEFINE ETHRECOV MASS-FLOW STREAM=39 SUBSTREAM=MIXED  & 
        COMPONENT=ETHAN-01 UOM="kg/hr"  
    TABULATE 1 "IMPUREW1"  
    TABULATE 2 "ETHRECOV"  
    VARY BLOCK-VAR BLOCK=D-305 VARIABLE=FLOW  & 
        SENTENCE=STREAM-MASS- ID1=MIXED ID2=39 UOM="kg/hr"  
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RANGE OPT-LIST=RANGE LOWER="6500" UPPER="7250" NPOINT="51" 
SENSITIVITY EGSD1 
DEFINE MEGPURE MASS-FRAC STREAM=85 SUBSTREAM=MIXED  & 
  COMPONENT=ETHYL-02  
DEFINE MEGRECOV MASS-FLOW STREAM=85 SUBSTREAM=MIXED  & 
COMPONENT=ETHYL-02 UOM="kg/hr"  
DEFINE DEGFRAC MASS-FRAC STREAM=85 SUBSTREAM=MIXED  & 
COMPONENT=DIETH-01  
TABULATE 1 "MEGPURE"  
TABULATE 2 "MEGRECOV"  
TABULATE 3 "DEGFRAC"  
VARY BLOCK-VAR BLOCK=D-601 VARIABLE=MASS-D  & 
SENTENCE=COL-SPECS UOM="kg/hr"  
RANGE OPT-LIST=RANGE LOWER="23000" UPPER="29000"  & 
NPOINT="101" 
SENSITIVITY EO 
DEFINE EORECO MASS-FLOW STREAM=28 SUBSTREAM=MIXED  & 
COMPONENT=ETHYL-01 UOM="kg/hr" 
DEFINE EOPURG MASS-FRAC STREAM=29 SUBSTREAM=MIXED  & 
COMPONENT=ETHYL-01 
DEFINE CO2INL MASS-FLOW STREAM=28 SUBSTREAM=MIXED  & 
COMPONENT=CARBO-01 UOM="kg/hr" 
DEFINE EOINBOT MASS-FLOW STREAM=27 SUBSTREAM=MIXED  & 
COMPONENT=ETHYL-01 UOM="kg/hr"  
TABULATE 1 "EORECO"  
TABULATE 2 "EOPURG"  
TABULATE 3 "CO2INL"  
TABULATE 5 "EOINBOT"  
VARY BLOCK-VAR BLOCK=E-210 VARIABLE=TEMP SENTENCE=PARAM UOM= & 
"C"  
RANGE OPT-LIST=RANGE LOWER="80" UPPER="130" INCR="0.5" 
SENSITIVITY MEE 
DEFINE W2ARECOV MASS-FLOW STREAM=66 SUBSTREAM=MIXED  & 
COMPONENT=WATER UOM="kg/hr" 
DEFINE W2BRECOV MASS-FLOW STREAM=68 SUBSTREAM=MIXED  & 
COMPONENT=WATER UOM="kg/hr" 
DEFINE W2CRECOV MASS-FLOW STREAM=70 SUBSTREAM=MIXED  & 
COMPONENT=WATER UOM="kg/hr" 
DEFINE TEMP1 STREAM-VAR STREAM=66 SUBSTREAM=MIXED  & 
VARIABLE=TEMP UOM="C" 
DEFINE TEMP2 STREAM-VAR STREAM=68 SUBSTREAM=MIXED  & 
VARIABLE=TEMP UOM="C" 
DEFINE TEMP3 STREAM-VAR STREAM=70 SUBSTREAM=MIXED  & 
VARIABLE=TEMP UOM="C"  
TABULATE 1 "W2ARECOV"  
TABULATE 2 "W2BRECOV"  
TABULATE 3 "W2CRECOV"  
TABULATE 4 "TEMP1"  
TABULATE 5 "TEMP2"  
TABULATE 6 "TEMP3"  
VARY BLOCK-VAR BLOCK=F-501 VARIABLE=DUTY SENTENCE=PARAM UOM= & 
"cal/sec"  
RANGE OPT-LIST=RANGE LOWER="1e6" UPPER="8e6" NPOINT="101" 
SENSITIVITY MEE-DIST 
DEFINE W2FRAC MASS-FRAC STREAM=84 SUBSTREAM=MIXED  & 
COMPONENT=WATER  
DEFINE EGSTOP MASS-FLOW STREAM=76 SUBSTREAM=MIXED  & 
COMPONENT=ETHYL-02 UOM="kg/hr"  
DEFINE DEGFRAC MASS-FRAC STREAM=85 SUBSTREAM=MIXED  & 
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        COMPONENT=DIETH-01  
    DEFINE W2RECOV MASS-FLOW STREAM=84 SUBSTREAM=MIXED  & 
        COMPONENT=WATER UOM="kg/hr"  
    TABULATE 1 "W2FRAC"  
    TABULATE 2 "EGSTOP"  
    TABULATE 3 "DEGFRAC"  
    TABULATE 4 "W2RECOV"  
    VARY BLOCK-VAR BLOCK=D-512 VARIABLE=MASS-D  & 
        SENTENCE=COL-SPECS UOM="kg/hr"  
    RANGE OPT-LIST=RANGE LOWER="44000" UPPER="45000"  & 
        NPOINT="101"  
 
STREAM-REPOR MOLEFLOW  
 
DISABLE  
    SENSITIVITY ABSORBER AZEOTRPE DRYETH EGSD1 EO MEE MEE-DIST  
; 
; 
; 
; 
; 
Section 22.5.1.2: Full Aspen Simulation – Block Report 
 
 BLOCK:  A-205    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - 15       STAGE   1 
               12       STAGE   9 
    OUTLETS  - 17       STAGE   1 
               16       STAGE   9 
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            112273.         112273.         0.00000     
       MASS(KG/HR   )           0.240810E+07    0.240810E+07    0.730950E-13 
       ENTHALPY(CAL/SEC )      -0.221977E+10   -0.221977E+10   -0.612081E-07 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             609124.      KG/HR            
    PRODUCT STREAMS CO2E          609124.      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                         9 
    ALGORITHM OPTION                                      NONIDEAL     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
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    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            1.00000     
    CONDENSER DUTY (W/O SUBCOOL)   CAL/SEC                   0.0         
    REBOILER DUTY                  CAL/SEC                   0.0         
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, BAR                     1.01325     
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  17           16       
    COMPONENT: 
    ETHAN-01    0.0000       1.0000     
    OXYGE-01    .99973       .27324E-03 
    CARBO-01    .99104       .89597E-02 
    WATER       .12965E-02   .99870     
    ETHYL-01    .23175E-01   .97683     
    ACETA-01    .19090E-05   1.0000     
    METHA-01    0.0000       1.0000     
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          C                         5.40833     
    BOTTOM STAGE TEMPERATURE       C                         9.53601     
    TOP STAGE LIQUID FLOW          KMOL/HR              96,706.9         
    BOTTOM STAGE LIQUID FLOW       KMOL/HR              98,006.2         
    TOP STAGE VAPOR FLOW           KMOL/HR              14,266.6         
    BOILUP VAPOR FLOW              KMOL/HR              14,835.3         
    CONDENSER DUTY (W/O SUBCOOL)   CAL/SEC                   0.0         
    REBOILER DUTY                  CAL/SEC                   0.0         
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.36809E-03  STAGE=  5 
    BUBBLE POINT                    0.13474E-02  STAGE=  5 
    COMPONENT MASS BALANCE          0.29469E-04  STAGE=  3 COMP=OXYGE-01 
    ENERGY BALANCE                  0.42962E-04  STAGE=  3 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             CAL/MOL            HEAT DUTY 
       C             BAR            LIQUID       VAPOR        CAL/SEC  
 
   1   5.4083        1.0132       -68634.      -91059.                 
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   2   5.4810        1.0512       -68624.      -91001.                 
   8   7.4282        1.2792       -68394.      -89469.                 
   9   9.5360        1.3172       -68282.      -88757.                 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KMOL/HR                    KMOL/HR                  KMOL/HR  
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.9671E+05 0.1427E+05  .96585+05                                .14267+05 
   2 0.9673E+05 0.1439E+05                                                     
   8 0.9715E+05 0.1469E+05                                                     
   9 0.9801E+05 0.1484E+05   547.8331 .15140+05            .98006+05           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KG/HR                      KG/HR                    KG/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.1745E+07 0.6197E+06  .17400+07                                .61966+06 
   2 0.1746E+07 0.6251E+06                                                     
   8 0.1765E+07 0.6385E+06                                                     
   9 0.1788E+07 0.6445E+06  .11229+05 .65687+06            .17884+07           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.93444E-18   0.98596E-06   0.11278E-02   0.99871       0.16457E-03 
      2    0.73036E-16   0.10125E-05   0.11665E-02   0.99847       0.36731E-03 
      8    0.21863E-04   0.11620E-05   0.13165E-02   0.99422       0.44104E-02 
      9    0.15693E-02   0.11441E-05   0.12653E-02   0.99114       0.58251E-02 
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     ACETA-01      METHA-01 
      1    0.96250E-09   0.26499E-19 
      2    0.48923E-08   0.21908E-17 
      8    0.33051E-04   0.95578E-06 
      9    0.12554E-03   0.74825E-04 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.84121E-19   0.28755E-01   0.96146       0.88389E-02   0.94937E-03 
      2    0.63638E-17   0.28518E-01   0.96087       0.85597E-02   0.20474E-02 
      8    0.17804E-05   0.27934E-01   0.94244       0.80141E-02   0.21558E-01 
      9    0.14317E-03   0.27661E-01   0.93322       0.89534E-02   0.29796E-01 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     ACETA-01      METHA-01 
      1    0.16464E-08   0.22543E-20 
      2    0.81014E-08   0.18033E-18 
      8    0.51158E-04   0.72490E-07 
      9    0.21645E-03   0.62593E-05 
 
                         ****   K-VALUES           **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.90024E-01    29164.        852.52       0.88504E-02    5.7685     
      2    0.87154E-01    28148.        823.30       0.85738E-02    5.5720     
      8    0.81425E-01    24046.        715.97       0.80602E-02    4.8887     
      9    0.91235E-01    24177.        737.54       0.90335E-02    5.1151     
 
                         ****   K-VALUES           **** 
   STAGE     ACETA-01      METHA-01 
      1     1.7106       0.85071E-01 
      2     1.6563       0.82322E-01 
      8     1.5477       0.75839E-01 
      9     1.7241       0.83652E-01 
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                          ****   MASS-X-PROFILE     **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.23851E-17   0.17480E-05   0.27499E-02   0.99685       0.40169E-03 
      2    0.18636E-15   0.17944E-05   0.28435E-02   0.99626       0.89622E-03 
      8    0.55444E-04   0.20468E-05   0.31894E-02   0.98598       0.10695E-01 
      9    0.39618E-02   0.20062E-05   0.30516E-02   0.97849       0.14062E-01 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     ACETA-01      METHA-01 
      1    0.23492E-08   0.47043E-19 
      2    0.11937E-07   0.38879E-17 
      8    0.80151E-04   0.16859E-05 
      9    0.30307E-03   0.13139E-03 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.89223E-19   0.21184E-01   0.97419       0.36661E-02   0.96288E-03 
      2    0.67482E-17   0.21005E-01   0.97337       0.35495E-02   0.20761E-02 
      8    0.18869E-05   0.20564E-01   0.95421       0.33215E-02   0.21849E-01 
      9    0.15182E-03   0.20373E-01   0.94533       0.37126E-02   0.30212E-01 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     ACETA-01      METHA-01 
      1    0.16699E-08   0.16630E-20 
      2    0.82149E-08   0.13300E-18 
      8    0.51848E-04   0.53437E-07 
      9    0.21947E-03   0.46163E-05 
 
 
 
 
                    ******************************** 
                    ***** HYDRAULIC PARAMETERS ***** 
                    ******************************** 
 
 
       *** DEFINITIONS *** 
 
        MARANGONI INDEX = SIGMA - SIGMATO 
        FLOW PARAM = (ML/MV)*SQRT(RHOV/RHOL) 
        QR = QV*SQRT(RHOV/(RHOL-RHOV)) 
        F FACTOR = QV*SQRT(RHOV) 
          WHERE: 
          SIGMA IS THE SURFACE TENSION OF LIQUID FROM THE STAGE 
          SIGMATO IS THE SURFACE TENSION OF LIQUID TO THE STAGE 
          ML IS THE MASS FLOW OF LIQUID FROM THE STAGE 
          MV IS THE MASS FLOW OF VAPOR TO THE STAGE 
          RHOL IS THE MASS DENSITY OF LIQUID FROM THE STAGE 
          RHOV IS THE MASS DENSITY OF VAPOR TO THE STAGE 
          QV IS THE VOLUMETRIC FLOW RATE OF VAPOR TO THE STAGE 
 
 
                     TEMPERATURE 
                         C    
 STAGE       LIQUID FROM       VAPOR TO 
    1         5.4083            5.4810     
    2         5.4810            5.5695     
    8         7.4282            9.5360     
    9         9.5360            15.000     
 
 
             MASS FLOW                VOLUME FLOW         MOLECULAR WEIGHT 
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              KG/HR                    L/MIN    
 STAGE LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO 
    1  0.17455E+07 0.62512E+06  28711.     0.52848E+07  18.049      43.445     
    2  0.17464E+07 0.62610E+06  28729.     0.51092E+07  18.055      43.452     
    8  0.17649E+07 0.64454E+06  29099.     0.44118E+07  18.166      43.446     
    9  0.17884E+07 0.65687E+06  29582.     0.45895E+07  18.248      43.386     
 
 
               DENSITY                  VISCOSITY         SURFACE TENSION 
               GM/CC                     CP                  DYNE/CM  
 STAGE LIQUID FROM  VAPOR TO     LIQUID FROM  VAPOR TO      LIQUID FROM 
    1   1.0132      0.19715E-02   1.4627      0.14129E-01    76.473     
    2   1.0132      0.20424E-02   1.4592      0.14126E-01    76.445     
    8   1.0108      0.24349E-02   1.3768      0.14169E-01    75.839     
    9   1.0076      0.23854E-02   1.3013      0.14322E-01    75.261     
 
 
       MARANGONI INDEX   FLOW PARAM          QR          REDUCED F-FACTOR 
 STAGE    DYNE/CM                          L/MIN         (GM-L)**.5/MIN   
    1                    0.12316          0.23334E+06      0.74203E+07 
    2   -.27582E-01      0.12524          0.22962E+06      0.73017E+07 
    8   -.21786          0.13439          0.21679E+06      0.68843E+07 
    9   -.54265          0.13247          0.22357E+06      0.70884E+07 
 
 
 
 
                 ************************************  
                 ***** TRAY SIZING CALCULATIONS *****  
                 ************************************  
 
 
    ******************* 
    *** SECTION   1 *** 
    ******************* 
 
    STARTING STAGE NUMBER                                         2 
    ENDING STAGE NUMBER                                           8 
    FLOODING CALCULATION METHOD                               GLITSCH6 
 
    DESIGN PARAMETERS              
    -----------------              
    PEAK CAPACITY FACTOR                                      1.00000     
    SYSTEM FOAMING FACTOR                                     1.00000     
    FLOODING FACTOR                                           0.80000     
    MINIMUM COLUMN DIAMETER         METER                     0.30480     
    MINIMUM DC AREA/COLUMN AREA                               0.100000    
    HOLE AREA/ACTIVE AREA                                     0.100000    
 
    TRAY SPECIFICATIONS         
    -------------------         
    TRAY TYPE                                                 SIEVE        
    NUMBER OF PASSES                                              4 
    TRAY SPACING                    METER                     0.60960     
 
 
            ***** SIZING RESULTS @ STAGE WITH MAXIMUM DIAMETER ***** 
 
    STAGE WITH MAXIMUM DIAMETER                                   2 
    COLUMN DIAMETER                 METER                     8.33044     
    DC AREA/COLUMN AREA                                       0.093750    
    SIDE DOWNCOMER VELOCITY         M/SEC                     0.093706    
    FLOW PATH LENGTH                METER                     1.56325     
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    SIDE DOWNCOMER WIDTH            METER                     0.50674     
    SIDE WEIR LENGTH                METER                     3.98226     
    CENTER DOWNCOMER WIDTH          METER                     0.32722     
    CENTER WEIR LENGTH              METER                     8.32401     
    OFF-CENTER DOWNCOMER WIDTH      METER                     0.36837     
    OFF-CENTER SHORT WEIR LENGTH    METER                     7.19975     
    OFF-CENTER LONG WEIR LENGTH     METER                     7.58077     
    TRAY CENTER TO OCDC CENTER      METER                     1.91104     
 
 
                          **** SIZING PROFILES **** 
 
       STAGE    DIAMETER      TOTAL AREA   ACTIVE AREA   SIDE DC AREA 
                                            PER PANEL      PER PANEL 
                  METER         SQM          SQM            SQM      
          2       8.3304        54.504       10.901        1.2774     
          3       8.3304        54.504       10.901        1.2774     
          4       8.3304        54.504       10.901        1.2774     
          5       8.3304        54.504       10.901        1.2774     
          6       8.3304        54.504       10.901        1.2774     
          7       8.3304        54.504       10.901        1.2774     
          8       8.3304        54.504       10.901        1.2774     
 
 
               **** ADDITIONAL SIZING PROFILES **** 
 
       FLOODING                            DC BACKUP/ 
 STAGE FACTOR      PRES. DROP  DC BACKUP   (TSPC+WHT) 
                    BAR         METER    
   2     80.00      0.1151E-01  0.3035       45.96     
   3     79.09      0.1134E-01  0.3014       45.63     
   4     78.29      0.1119E-01  0.2996       45.36     
   5     77.60      0.1106E-01  0.2982       45.15     
   6     77.05      0.1096E-01  0.2972       45.00     
   7     76.71      0.1089E-01  0.2968       44.94     
   8     76.74      0.1088E-01  0.2974       45.03     
 
       HEIGHT      DC REL      TR LIQ REL  FRA APPR TO 
 STAGE OVER WEIR   FROTH DENS  FROTH DENS  SYS LIMIT 
        METER    
   2    0.1441      0.6083      0.1766       34.72     
   3    0.1436      0.6083      0.1776       34.23     
   4    0.1432      0.6083      0.1787       33.79     
   5    0.1428      0.6083      0.1796       33.41     
   6    0.1426      0.6083      0.1804       33.11     
   7    0.1426      0.6083      0.1809       32.92     
   8    0.1429      0.6083      0.1811       32.92     
 
 BLOCK:  C-103    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          4        
   OUTLET STREAM:         5        
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            764.091         764.091         0.00000     
       MASS(KG/HR   )            24450.0         24450.0         0.00000     
       ENTHALPY(CAL/SEC )      -0.188852E-09     43185.7        -1.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
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    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                           ***  INPUT DATA  *** 
 
   POLYTROPIC COMPRESSOR USING ASME METHOD 
    OUTLET PRESSURE  BAR                                     1.31723     
    POLYTROPIC EFFICIENCY                                    0.80000     
    MECHANICAL EFFICIENCY                                    0.95000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  KW                  180.810       
    BRAKE      HORSEPOWER REQUIREMENT  KW                  190.326       
    NET WORK REQUIRED                  KW                  190.326       
    POWER LOSSES                       KW                    9.51632     
    ISENTROPIC HORSEPOWER REQUIREMENT  KW                  143.294       
    CALCULATED OUTLET TEMP  C                               53.9538      
    EFFICIENCY (POLYTR/ISENTR) USED                          0.80000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       M-KGF/KG                       2,171.78        
    MECHANICAL EFFICIENCY USED                               0.95000     
    INLET HEAT CAPACITY RATIO                                1.39586     
    INLET VOLUMETRIC FLOW RATE , L/MIN                 311,558.          
    OUTLET VOLUMETRIC FLOW RATE, L/MIN                 262,934.          
    INLET  COMPRESSIBILITY FACTOR                            1.00000     
    OUTLET COMPRESSIBILITY FACTOR                            1.00000     
    AV. ISENT. VOL. EXPONENT                                 1.39423     
    AV. ISENT. TEMP EXPONENT                                 1.39423     
    AV. ACTUAL VOL. EXPONENT                                 1.54620     
    AV. ACTUAL TEMP EXPONENT                                 1.54620     
 
 BLOCK:  C-104    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          6        
   OUTLET STREAM:         7        
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            13803.7         13803.7         0.00000     
       MASS(KG/HR   )            607500.         607500.         0.00000     
       ENTHALPY(CAL/SEC )      -0.360386E+09   -0.359614E+09   -0.214254E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             607500.      KG/HR            
    PRODUCT STREAMS CO2E          607500.      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                           ***  INPUT DATA  *** 
 
   POLYTROPIC COMPRESSOR USING ASME METHOD 
    OUTLET PRESSURE  BAR                                     1.31723     
    POLYTROPIC EFFICIENCY                                    0.80000     
    MECHANICAL EFFICIENCY                                    0.95000     
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                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  KW                3,232.81        
    BRAKE      HORSEPOWER REQUIREMENT  KW                3,402.96        
    NET WORK REQUIRED                  KW                3,402.96        
    POWER LOSSES                       KW                  170.148       
    ISENTROPIC HORSEPOWER REQUIREMENT  KW                2,567.67        
    CALCULATED OUTLET TEMP  C                               47.3011      
    EFFICIENCY (POLYTR/ISENTR) USED                          0.80000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       M-KGF/KG                       1,562.81        
    MECHANICAL EFFICIENCY USED                               0.95000     
    INLET HEAT CAPACITY RATIO                                1.28778     
    INLET VOLUMETRIC FLOW RATE , L/MIN               5,628,480.          
    OUTLET VOLUMETRIC FLOW RATE, L/MIN               4,653,450.          
    INLET  COMPRESSIBILITY FACTOR                            1.00000     
    OUTLET COMPRESSIBILITY FACTOR                            1.00000     
    AV. ISENT. VOL. EXPONENT                                 1.28304     
    AV. ISENT. TEMP EXPONENT                                 1.28304     
    AV. ACTUAL VOL. EXPONENT                                 1.37919     
    AV. ACTUAL TEMP EXPONENT                                 1.37919     
 
 BLOCK:  C-201    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          9        
   OUTLET STREAM:         10       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            15688.1         15688.1         0.00000     
       MASS(KG/HR   )            668100.         668100.         0.00000     
       ENTHALPY(CAL/SEC )      -0.369364E+09   -0.366824E+09   -0.687588E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             609124.      KG/HR            
    PRODUCT STREAMS CO2E          609124.      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                           ***  INPUT DATA  *** 
 
   POLYTROPIC COMPRESSOR USING ASME METHOD 
    OUTLET PRESSURE  BAR                                     1.62120     
    POLYTROPIC EFFICIENCY                                    0.80000     
    MECHANICAL EFFICIENCY                                    0.95000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  KW               10,633.2         
    BRAKE      HORSEPOWER REQUIREMENT  KW               11,192.9         
    NET WORK REQUIRED                  KW               11,192.9         
    POWER LOSSES                       KW                  559.643       
    ISENTROPIC HORSEPOWER REQUIREMENT  KW                8,415.74        
    CALCULATED OUTLET TEMP  C                              253.496       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.80000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       M-KGF/KG                       4,674.07        
    MECHANICAL EFFICIENCY USED                               0.95000     
    INLET HEAT CAPACITY RATIO                                1.22822     
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    INLET VOLUMETRIC FLOW RATE , L/MIN                       0.101515+08 
    OUTLET VOLUMETRIC FLOW RATE, L/MIN               7,062,010.          
    INLET  COMPRESSIBILITY FACTOR                            1.00000     
    OUTLET COMPRESSIBILITY FACTOR                            1.00000     
    AV. ISENT. VOL. EXPONENT                                 1.22396     
    AV. ISENT. TEMP EXPONENT                                 1.22396     
    AV. ACTUAL VOL. EXPONENT                                 1.29518     
    AV. ACTUAL TEMP EXPONENT                                 1.29518     
 
 BLOCK:  C-206    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          17       
   OUTLET STREAM:         18       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            14266.5         14266.5         0.00000     
       MASS(KG/HR   )            619663.         619663.         0.00000     
       ENTHALPY(CAL/SEC )      -0.360859E+09   -0.358932E+09   -0.534065E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             603667.      KG/HR            
    PRODUCT STREAMS CO2E          603667.      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                           ***  INPUT DATA  *** 
 
   POLYTROPIC COMPRESSOR USING ASME METHOD 
    OUTLET PRESSURE  BAR                                     1.92518     
    POLYTROPIC EFFICIENCY                                    0.80000     
    MECHANICAL EFFICIENCY                                    0.95000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  KW                8,068.90        
    BRAKE      HORSEPOWER REQUIREMENT  KW                8,493.58        
    NET WORK REQUIRED                  KW                8,493.58        
    POWER LOSSES                       KW                  424.679       
    ISENTROPIC HORSEPOWER REQUIREMENT  KW                6,340.81        
    CALCULATED OUTLET TEMP  C                               59.9172      
    EFFICIENCY (POLYTR/ISENTR) USED                          0.80000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       M-KGF/KG                       3,824.11        
    MECHANICAL EFFICIENCY USED                               0.95000     
    INLET HEAT CAPACITY RATIO                                1.30082     
    INLET VOLUMETRIC FLOW RATE , L/MIN               5,434,930.          
    OUTLET VOLUMETRIC FLOW RATE, L/MIN               3,420,240.          
    INLET  COMPRESSIBILITY FACTOR                            1.00000     
    OUTLET COMPRESSIBILITY FACTOR                            1.00000     
    AV. ISENT. VOL. EXPONENT                                 1.28928     
    AV. ISENT. TEMP EXPONENT                                 1.28928     
    AV. ACTUAL VOL. EXPONENT                                 1.38588     
    AV. ACTUAL TEMP EXPONENT                                 1.38588     
 
 BLOCK:  D-211    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - 26       STAGE   8 
    OUTLETS  - 29       STAGE   1 
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               28       STAGE   1 
               27       STAGE  15 
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            98006.2         98006.2        0.445438E-15 
       MASS(KG/HR   )           0.178844E+07    0.178844E+07    0.520747E-15 
       ENTHALPY(CAL/SEC )      -0.181415E+10   -0.178752E+10   -0.146783E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             5457.57      KG/HR            
    PRODUCT STREAMS CO2E          5457.57      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        15 
    ALGORITHM OPTION                                      STANDARD     
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        NEWTON   
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    CONDENSER TEMPERATURE          C                         5.00000     
    MASS REFLUX RATIO                                        0.50000     
    MASS DISTILLATE RATE           KG/HR                31,680.0         
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, BAR                     4.05300     
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  29           28           27       
    COMPONENT: 
    ETHAN-01    .27404E-04   .32934E-01   .96704     
    OXYGE-01    .99813       .18673E-02   0.0000     
    CARBO-01    .92345       .76548E-01   0.0000     
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    WATER       .21953E-05   .48690E-03   .99951     
    ETHYL-01    .48583E-01   .95004       .13730E-02 
    ACETA-01    .44448E-03   .17436E-01   .98212     
    METHA-01    .20635E-04   .19274E-01   .98071     
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          C                         5.00000     
    BOTTOM STAGE TEMPERATURE       C                       146.220       
    TOP STAGE LIQUID FLOW          KMOL/HR                 376.877       
    BOTTOM STAGE LIQUID FLOW       KMOL/HR              97,259.1         
    TOP STAGE VAPOR FLOW           KMOL/HR                 142.586       
    BOILUP VAPOR FLOW              KMOL/HR              11,103.0         
    MOLAR REFLUX RATIO                                       0.50441     
    MOLAR BOILUP RATIO                                       0.11416     
    CONDENSER DUTY (W/O SUBCOOL)   CAL/SEC          -2,010,000.          
    REBOILER DUTY                  CAL/SEC                   0.286387+08 
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.33503E-05  STAGE=  2 
    BUBBLE POINT                    0.73623E-04  STAGE=  2 
    COMPONENT MASS BALANCE          0.30174E-07  STAGE=  1 COMP=WATER    
    ENERGY BALANCE                  0.21997E-05  STAGE=  2 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             CAL/MOL            HEAT DUTY 
       C             BAR            LIQUID       VAPOR        CAL/SEC  
 
   1   5.0000        4.0530       -24519.      -78204.      -.20100+07 
   2   69.623        4.0747       -62377.      -24892.                 
   3   102.93        4.0964       -65580.      -34322.                 
   6   106.01        4.1616       -65644.      -35300.                 
   7   106.15        4.1833       -65638.      -35296.                 
   8   107.25        4.2050       -65516.      -30227.                 
   9   110.11        4.2267       -65474.      -27029.                 
  13   144.12        4.3136       -65912.      -55760.                 
  14   145.40        4.3353       -65906.      -56531.                 
  15   146.22        4.3570       -65897.      -56701.       .28639+08 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KMOL/HR                    KMOL/HR                  KMOL/HR  
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  981.5      142.6                                      604.5852  142.5862 
   2  246.2      1124.                                                         
   3  250.9      993.3                                                         
   6  251.5      998.8                                                         
   7  251.4      998.7                 115.1892                                
   8 0.1009E+06  883.3      .97891+05                                          
   9 0.1015E+06  3643.                                                         
  13 0.1081E+06 0.1007E+05                                                     
  14 0.1084E+06 0.1083E+05                                                     
  15 0.9726E+05 0.1110E+05                                 .97259+05           
 
    ****  MASS FLOW PROFILES  **** 
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 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KG/HR                      KG/HR                    KG/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.4125E+05  6270.                                     .25410+05 6269.5133 
   2  5179.     0.4752E+05                                                     
   3  4702.     0.3686E+05                                                     
   6  4688.     0.3637E+05                                                     
   7  4685.     0.3637E+05            4404.2127                                
   8 0.1886E+07 0.3196E+05  .17840+07                                          
   9 0.1896E+07 0.1291E+06                                                     
  13 0.1963E+07 0.1996E+06                                                     
  14 0.1962E+07 0.2059E+06                                                     
  15 0.1757E+07 0.2053E+06                                 .17568+07           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.83781E-02   0.34631E-06   0.15701E-01   0.78230E-01   0.89710     
      2    0.13699E-01   0.83336E-08   0.17435E-03   0.88469       0.10088     
      3    0.29503E-02   0.70420E-08   0.10080E-03   0.97247       0.24242E-01 
      6    0.17200E-02   0.69613E-08   0.98017E-04   0.97618       0.21802E-01 
      7    0.17211E-02   0.69971E-08   0.98456E-04   0.97612       0.21855E-01 
      8    0.17431E-02   0.39623E-09   0.45439E-04   0.97420       0.23808E-01 
      9    0.20998E-02   0.69037E-12   0.98961E-06   0.97426       0.23437E-01 
     13    0.45684E-02   0.57429E-24   0.15063E-13   0.99484       0.34146E-03 
     14    0.30514E-02    0.0000       0.99100E-16   0.99666       0.56736E-04 
     15    0.15292E-02   0.34473E-22   0.62966E-18   0.99826       0.80595E-05 
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     ACETA-01      METHA-01 
      1    0.35484E-03   0.23378E-03 
      2    0.69359E-04   0.48130E-03 
      3    0.93878E-04   0.13879E-03 
      6    0.12459E-03   0.77777E-04 
      7    0.12716E-03   0.77743E-04 
      8    0.12577E-03   0.78203E-04 
      9    0.12223E-03   0.83063E-04 
     13    0.11183E-03   0.14329E-03 
     14    0.11155E-03   0.11703E-03 
     15    0.12424E-03   0.73945E-04 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.29559E-04   0.78491E-03   0.80313       0.14955E-02   0.19452     
      2    0.73191E-02   0.99868E-04   0.11559       0.68496E-01   0.80798     
      3    0.84984E-02   0.11288E-03   0.12488       0.26706       0.59894     
      6    0.55107E-02   0.11226E-03   0.12418       0.29350       0.57628     
      7    0.55093E-02   0.11227E-03   0.12419       0.29343       0.57634     
      8    0.56839E-02   0.63133E-05   0.57109E-01   0.30257       0.63424     
      9    0.74542E-02   0.10976E-07   0.12587E-02   0.33165       0.65928     
     13    0.45884E-01   0.97574E-20   0.22646E-10   0.93371       0.19500E-01 
     14    0.31851E-01    0.0000       0.15027E-12   0.96405       0.33343E-02 
     15    0.16385E-01   0.59931E-18   0.96160E-15   0.98264       0.48313E-03 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     ACETA-01      METHA-01 
      1    0.38355E-04   0.10613E-05 
      2    0.31469E-03   0.20426E-03 
      3    0.23866E-03   0.26171E-03 
      6    0.25091E-03   0.16146E-03 
      7    0.25166E-03   0.16126E-03 
      8    0.22340E-03   0.16600E-03 
      9    0.16653E-03   0.19190E-03 
     13    0.57484E-06   0.90629E-03 
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     14    0.40744E-06   0.76576E-03 
     15    0.35994E-06   0.49442E-03 
 
                         ****   K-VALUES           **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.35281E-02    2266.5        51.152       0.19118E-01   0.21683     
      2    0.53433        11984.        663.01       0.77423E-01    8.0098     
      3     2.8805        16031.        1238.9       0.27462        24.707     
      6     3.2038        16127.        1266.9       0.30067        26.433     
      7     3.2010        16046.        1261.4       0.30061        26.371     
      8     3.2608        15934.        1256.8       0.31058        26.640     
      9     3.5499        15898.        1271.9       0.34042        28.130     
     13     10.044        16990.        1503.4       0.93856        57.108     
     14     10.438        17195.        1516.4       0.96728        58.769     
     15     10.715        17385.        1527.2       0.98435        59.945     
 
                         ****   K-VALUES           **** 
   STAGE     ACETA-01      METHA-01 
      1    0.10809       0.45396E-02 
      2     4.5375       0.42442     
      3     2.5427        1.8856     
      6     2.0139        2.0759     
      7     1.9790        2.0743     
      8     1.7762        2.1226     
      9     1.3624        2.3103     
     13    0.51400E-02    6.3250     
     14    0.36525E-02    6.5434     
     15    0.28970E-02    6.6863     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.91833E-02   0.26366E-06   0.16441E-01   0.33532E-01   0.94029     
      2    0.29997E-01   0.12675E-07   0.36470E-03   0.75753       0.21123     
      3    0.72543E-02   0.12027E-07   0.23678E-03   0.93505       0.56999E-01 
      6    0.42516E-02   0.11951E-07   0.23145E-03   0.94356       0.51531E-01 
      7    0.42539E-02   0.12012E-07   0.23246E-03   0.94343       0.51653E-01 
      8    0.42967E-02   0.67838E-09   0.10700E-03   0.93905       0.56117E-01 
      9    0.51762E-02   0.11820E-11   0.23304E-05   0.93915       0.55245E-01 
     13    0.11591E-01   0.10121E-23   0.36509E-13   0.98706       0.82845E-03 
     14    0.77636E-02    0.0000       0.24087E-15   0.99162       0.13804E-03 
     15    0.39003E-02   0.61071E-22   0.15342E-17   0.99565       0.19656E-04 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     ACETA-01      METHA-01 
      1    0.37192E-03   0.17823E-03 
      2    0.14523E-03   0.73300E-03 
      3    0.22073E-03   0.23736E-03 
      6    0.29447E-03   0.13371E-03 
      7    0.30054E-03   0.13364E-03 
      8    0.29645E-03   0.13407E-03 
      9    0.28812E-03   0.14241E-03 
     13    0.27133E-03   0.25286E-03 
     14    0.27140E-03   0.20709E-03 
     15    0.30302E-03   0.13117E-03 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.30970E-04   0.57121E-03   0.80386       0.61275E-03   0.19489     
      2    0.79758E-02   0.75591E-04   0.12033       0.29189E-01   0.84195     
      3    0.10551E-01   0.97343E-04   0.14812       0.12966       0.71106     
      6    0.69719E-02   0.98653E-04   0.15009       0.14521       0.69719     
      7    0.69698E-02   0.98657E-04   0.15009       0.14517       0.69722     
      8    0.72371E-02   0.55834E-05   0.69465E-01   0.15065       0.77222     
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      9    0.96925E-02   0.99127E-08   0.15635E-02   0.16864       0.81973     
     13    0.10664       0.15751E-19   0.50276E-10   0.84856       0.43336E-01 
     14    0.77202E-01    0.0000       0.34796E-12   0.91378       0.77283E-02 
     15    0.40815E-01   0.10369E-17   0.22882E-14   0.95718       0.11508E-02 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     ACETA-01      METHA-01 
      1    0.38427E-04   0.77337E-06 
      2    0.32792E-03   0.15481E-03 
      3    0.28334E-03   0.22599E-03 
      6    0.30355E-03   0.14207E-03 
      7    0.30445E-03   0.14190E-03 
      8    0.27200E-03   0.14700E-03 
      9    0.20706E-03   0.17355E-03 
     13    0.12775E-05   0.14649E-02 
     14    0.94436E-06   0.12910E-02 
     15    0.85736E-06   0.85659E-03 
 
 
 
 
                    ******************************** 
                    ***** HYDRAULIC PARAMETERS ***** 
                    ******************************** 
 
 
       *** DEFINITIONS *** 
 
        MARANGONI INDEX = SIGMA - SIGMATO 
        FLOW PARAM = (ML/MV)*SQRT(RHOV/RHOL) 
        QR = QV*SQRT(RHOV/(RHOL-RHOV)) 
        F FACTOR = QV*SQRT(RHOV) 
          WHERE: 
          SIGMA IS THE SURFACE TENSION OF LIQUID FROM THE STAGE 
          SIGMATO IS THE SURFACE TENSION OF LIQUID TO THE STAGE 
          ML IS THE MASS FLOW OF LIQUID FROM THE STAGE 
          MV IS THE MASS FLOW OF VAPOR TO THE STAGE 
          RHOL IS THE MASS DENSITY OF LIQUID FROM THE STAGE 
          RHOV IS THE MASS DENSITY OF VAPOR TO THE STAGE 
          QV IS THE VOLUMETRIC FLOW RATE OF VAPOR TO THE STAGE 
 
 
                     TEMPERATURE 
                         C    
 STAGE       LIQUID FROM       VAPOR TO 
    1         5.0000            69.623     
    2         69.623            102.93     
    3         102.93            105.57     
    6         106.01            106.15     
    7         106.15            106.36     
    8         107.25            110.11     
    9         110.11            117.28     
   13         144.12            145.40     
   14         145.40            146.22     
   15         146.22            146.22     
 
 
             MASS FLOW                VOLUME FLOW         MOLECULAR WEIGHT 
              KG/HR                    L/MIN    
 STAGE LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO 
    1   41250.      47520.      759.73     0.13103E+06  42.030      42.276     
    2   5179.0      36859.      93.642     0.12637E+06  21.039      37.107     
    3   4701.7      36382.      86.395     0.12719E+06  18.736      36.451     
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    6   4688.1      36368.      86.335     0.12548E+06  18.638      36.415     
    7   4685.4      36365.      86.302     0.12553E+06  18.640      36.419     
    8  0.18858E+07 0.12906E+06  34803.     0.45770E+06  18.690      35.430     
    9  0.18963E+07 0.13957E+06  35126.     0.53606E+06  18.689      33.156     
   13  0.19627E+07 0.20592E+06  37756.     0.14495E+07  18.157      19.006     
   14  0.19621E+07 0.20534E+06  37757.     0.14809E+07  18.107      18.494     
   15  0.17568E+07  0.0000      33799.      0.0000      18.063     
 
 
               DENSITY                  VISCOSITY         SURFACE TENSION 
               GM/CC                     CP                  DYNE/CM  
 STAGE LIQUID FROM  VAPOR TO     LIQUID FROM  VAPOR TO      LIQUID FROM 
    1  0.90494      0.60444E-02  0.34051      0.11744E-01    30.225     
    2  0.92177      0.48613E-02  0.37901      0.13275E-01    58.620     
    3  0.90702      0.47672E-02  0.26704      0.13413E-01    56.423     
    6  0.90502      0.48304E-02  0.25893      0.13435E-01    55.995     
    7  0.90485      0.48283E-02  0.25854      0.13442E-01    55.965     
    8  0.90310      0.46995E-02  0.25542      0.12708E-01    55.665     
    9  0.89977      0.43393E-02  0.24829      0.13043E-01    55.116     
   13  0.86638      0.23678E-02  0.18725      0.14308E-01    49.330     
   14  0.86610      0.23110E-02  0.18552      0.14332E-01    49.143     
   15  0.86627                   0.18441                     49.039     
 
 
       MARANGONI INDEX   FLOW PARAM          QR          REDUCED F-FACTOR 
 STAGE    DYNE/CM                          L/MIN         (GM-L)**.5/MIN   
    1                    0.70945E-01       10745.          0.32214E+06 
    2    28.395          0.10204E-01       9201.4          0.27862E+06 
    3   -2.1974          0.93691E-02       9245.6          0.27772E+06 
    6   -.31757E-01      0.94176E-02       9192.0          0.27579E+06 
    7   -.30773E-01      0.94117E-02       9194.2          0.27583E+06 
    8   -2.5972           1.0541           33103.          0.99221E+06 
    9   -.54881          0.94357           37317.          0.11167E+07 
   13   -.59174          0.49826           75880.          0.22304E+07 
   14   -.18663          0.49358           76600.          0.22513E+07 
   15   -.10482                            0.0000           0.0000     
 
 
 
 
                 ************************************  
                 ***** TRAY SIZING CALCULATIONS *****  
                 ************************************  
 
 
    ******************* 
    *** SECTION   1 *** 
    ******************* 
 
    STARTING STAGE NUMBER                                         2 
    ENDING STAGE NUMBER                                          14 
    FLOODING CALCULATION METHOD                               GLITSCH6 
 
    DESIGN PARAMETERS              
    -----------------              
    PEAK CAPACITY FACTOR                                      1.00000     
    SYSTEM FOAMING FACTOR                                     1.00000     
    FLOODING FACTOR                                           0.80000     
    MINIMUM COLUMN DIAMETER         METER                     0.30480     
    MINIMUM DC AREA/COLUMN AREA                               0.100000    
    HOLE AREA/ACTIVE AREA                                     0.100000    
 
    TRAY SPECIFICATIONS         
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    -------------------         
    TRAY TYPE                                                 SIEVE        
    NUMBER OF PASSES                                              4 
    TRAY SPACING                    METER                     0.60960     
 
 
            ***** SIZING RESULTS @ STAGE WITH MAXIMUM DIAMETER ***** 
 
    STAGE WITH MAXIMUM DIAMETER                                  14 
    COLUMN DIAMETER                 METER                     5.95257     
    DC AREA/COLUMN AREA                                       0.15608     
    SIDE DOWNCOMER VELOCITY         M/SEC                     0.14487     
    FLOW PATH LENGTH                METER                     0.91730     
    SIDE DOWNCOMER WIDTH            METER                     0.51133     
    SIDE WEIR LENGTH                METER                     3.33604     
    CENTER DOWNCOMER WIDTH          METER                     0.38946     
    CENTER WEIR LENGTH              METER                     5.93982     
    OFF-CENTER DOWNCOMER WIDTH      METER                     0.43563     
    OFF-CENTER SHORT WEIR LENGTH    METER                     5.08450     
    OFF-CENTER LONG WEIR LENGTH     METER                     5.52147     
    TRAY CENTER TO OCDC CENTER      METER                     1.32984     
 
 
                          **** SIZING PROFILES **** 
 
       STAGE    DIAMETER      TOTAL AREA   ACTIVE AREA   SIDE DC AREA 
                                            PER PANEL      PER PANEL 
                  METER         SQM          SQM            SQM      
          2       5.9526        27.829       4.6406        1.0859     
          3       5.9526        27.829       4.6406        1.0859     
          4       5.9526        27.829       4.6406        1.0859     
          5       5.9526        27.829       4.6406        1.0859     
          6       5.9526        27.829       4.6406        1.0859     
          7       5.9526        27.829       4.6406        1.0859     
          8       5.9526        27.829       4.6406        1.0859     
          9       5.9526        27.829       4.6406        1.0859     
         10       5.9526        27.829       4.6406        1.0859     
         11       5.9526        27.829       4.6406        1.0859     
         12       5.9526        27.829       4.6406        1.0859     
         13       5.9526        27.829       4.6406        1.0859     
         14       5.9526        27.829       4.6406        1.0859     
 
 
               **** ADDITIONAL SIZING PROFILES **** 
 
       FLOODING                            DC BACKUP/ 
 STAGE FACTOR      PRES. DROP  DC BACKUP   (TSPC+WHT) 
                    BAR         METER    
   2     6.058      0.4975E-02  0.1578       23.90     
   3     6.080      0.4879E-02  0.1574       23.84     
   4     6.073      0.4870E-02  0.1574       23.84     
   5     6.059      0.4871E-02  0.1575       23.84     
   6     6.045      0.4873E-02  0.1575       23.85     
   7     6.047      0.4871E-02  0.1575       23.85     
   8     49.72      0.7867E-02  0.4162       63.02     
   9     52.68      0.7812E-02  0.4153       62.88     
  10     57.60      0.7764E-02  0.4147       62.79     
  11     68.20      0.8050E-02  0.4224       63.96     
  12     76.85      0.8592E-02  0.4359       66.00     
  13     79.54      0.8813E-02  0.4409       66.77     
  14     80.00      0.8853E-02  0.4414       66.84     
 
       HEIGHT      DC REL      TR LIQ REL  FRA APPR TO 
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 STAGE OVER WEIR   FROTH DENS  FROTH DENS  SYS LIMIT 
        METER    
   2    0.1621E-02  0.6082      0.6517       3.108     
   3    0.1536E-02  0.6081      0.6523       3.140     
   4    0.1535E-02  0.6081      0.6527       3.141     
   5    0.1534E-02  0.6081      0.6532       3.134     
   6    0.1533E-02  0.6081      0.6537       3.128     
   7    0.1532E-02  0.6081      0.6537       3.129     
   8    0.1226      0.6081      0.3715       11.46     
   9    0.1300      0.6081      0.3437       12.91     
  10    0.1421      0.6081      0.3048       15.38     
  11    0.1668      0.6081      0.2474       20.69     
  12    0.1846      0.6080      0.2177       25.08     
  13    0.1896      0.6080      0.2106       26.48     
  14    0.1904      0.6080      0.2093       26.74     
 
 BLOCK:  D-302    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - 33       STAGE   8 
    OUTLETS  - 35       STAGE   1 
               34       STAGE  15 
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            97259.1         97259.1         0.00000     
       MASS(KG/HR   )           0.175676E+07    0.175676E+07    0.583151E-14 
       ENTHALPY(CAL/SEC )      -0.180393E+10   -0.180243E+10   -0.829927E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        15 
    ALGORITHM OPTION                                      NEWTON       
    INITIALIZATION OPTION                                 AZEOTROPIC   
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    DESIGN SPECIFICATION METHOD                           SIMULT   
    MAXIMUM NO. OF NEWTON ITERATIONS                        25 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    COLUMN EQUATIONS CONVERGENCE TOLERANCE                   0.100000-06 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    REBOILER DUTY                  CAL/SEC                   0.250000+08 
    MASS DISTILLATE RATE           KG/HR                 7,350.00        
 
   ****    PROFILES   **** 
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     P-SPEC          STAGE   1  PRES, BAR                     1.01325     
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  35           34       
    COMPONENT: 
    ETHAN-01    .88107       .11893     
    WATER       .44371E-03   .99956     
    ETHYL-01    1.0000       .38014E-07 
    ACETA-01    .70066       .29934     
    METHA-01    .56165       .43835     
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          C                        72.6532      
    BOTTOM STAGE TEMPERATURE       C                       107.473       
    TOP STAGE LIQUID FLOW          KMOL/HR               8,748.32        
    BOTTOM STAGE LIQUID FLOW       KMOL/HR              97,071.6         
    TOP STAGE VAPOR FLOW           KMOL/HR                   0.0         
    BOILUP VAPOR FLOW              KMOL/HR               9,232.33        
    MOLAR REFLUX RATIO                                      46.6798      
    MOLAR BOILUP RATIO                                       0.095108    
    CONDENSER DUTY (W/O SUBCOOL)   CAL/SEC                  -0.235029+08 
    REBOILER DUTY                  CAL/SEC                   0.250000+08 
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.20691E-09  STAGE=  6 
    BUBBLE POINT                    0.20691E-09  STAGE=  6 
    COMPONENT MASS BALANCE          0.96009E-08  STAGE=  5 COMP=ACETA-01 
    ENERGY BALANCE                  0.13858E-09  STAGE=  4 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             CAL/MOL            HEAT DUTY 
       C             BAR            LIQUID       VAPOR        CAL/SEC  
 
   1   72.653        1.0132       -64156.      -50864.      -.23503+08 
   2   77.933        1.0350       -65017.      -54687.                 
   4   82.726        1.0784       -66177.      -55896.                 
   5   92.076        1.1001       -66850.      -56386.                 
   6   101.00        1.1218       -66826.      -56948.                 
   7   102.84        1.1435       -66804.      -57050.                 
   8   103.50        1.1652       -66792.      -57057.                 
   9   104.08        1.1869       -66781.      -57062.                 
  13   106.36        1.2738       -66740.      -57072.                 
  14   106.92        1.2955       -66730.      -57075.                 
  15   107.47        1.3172       -66721.      -57079.       .25000+08 
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 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KMOL/HR                    KMOL/HR                  KMOL/HR  
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  8936.      0.000                                      187.4113           
   2  8765.      8936.                                                         
   4  8493.      8895.                                                         
   5  8408.      8680.                                                         
   6  8519.      8595.                                                         
   7  8543.      8707.                 201.9080                                
   8 0.1056E+06  8529.      .97057+05                                          
   9 0.1057E+06  8541.                                                         
  13 0.1062E+06  9006.                                                         
  14 0.1063E+06  9121.                                                         
  15 0.9707E+05  9232.                                     .97072+05           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KG/HR                      KG/HR                    KG/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.3504E+06  0.000                                     7350.0000           
   2 0.3284E+06 0.3504E+06                                                     
   4 0.2319E+06 0.3078E+06                                                     
   5 0.1643E+06 0.2392E+06                                                     
   6 0.1550E+06 0.1716E+06                                                     
   7 0.1544E+06 0.1623E+06            3750.6512                                
   8 0.1907E+07 0.1580E+06  .17530+07                                          
   9 0.1909E+07 0.1577E+06                                                     
  13 0.1915E+07 0.1641E+06                                                     
  14 0.1916E+07 0.1656E+06                                                     
  15 0.1749E+07 0.1670E+06                                 .17494+07           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     ETHAN-01      WATER         ETHYL-01      ACETA-01      METHA-01 
      1    0.69922       0.22987       0.41826E-02   0.45177E-01   0.21553E-01 
      2    0.67750       0.29863       0.41268E-03   0.89922E-02   0.14466E-01 
      4    0.32829       0.66645       0.67304E-05   0.45091E-03   0.47973E-02 
      5    0.53563E-01   0.94518       0.16073E-05   0.10039E-03   0.11594E-02 
      6    0.60546E-02   0.99362       0.98787E-06   0.91663E-04   0.23034E-03 
      7    0.17479E-02   0.99806       0.92405E-06   0.10110E-03   0.93456E-04 
      8    0.13832E-02   0.99843       0.78639E-06   0.10814E-03   0.74883E-04 
      9    0.12438E-02   0.99858       0.99468E-07   0.98568E-04   0.75147E-04 
     13    0.54491E-03   0.99933       0.23496E-10   0.65968E-04   0.62186E-04 
     14    0.36035E-03   0.99953       0.28233E-11   0.54671E-04   0.50728E-04 
     15    0.18222E-03   0.99975       0.30696E-12   0.37263E-04   0.32476E-04 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     ETHAN-01      WATER         ETHYL-01      ACETA-01      METHA-01 
      1    0.58400       0.15419       0.35553E-01   0.20101       0.25256E-01 
      2    0.69922       0.22987       0.41826E-02   0.45177E-01   0.21553E-01 
      4    0.58377       0.40386       0.12898E-03   0.28425E-02   0.93916E-02 
      5    0.33630       0.65702       0.96891E-04   0.14166E-02   0.51590E-02 
      6    0.67641E-01   0.92958       0.92770E-04   0.10833E-02   0.16040E-02 
      7    0.20975E-01   0.97718       0.90996E-04   0.10621E-02   0.68931E-03 
      8    0.16689E-01   0.98161       0.77261E-04   0.10654E-02   0.55445E-03 
      9    0.15033E-01   0.98349       0.97237E-05   0.91369E-03   0.55684E-03 
     13    0.66447E-02   0.99241       0.22579E-08   0.47731E-03   0.46315E-03 
     14    0.44051E-02   0.99485       0.27030E-09   0.37148E-03   0.37839E-03 
     15    0.22332E-02   0.99729       0.29281E-10   0.23771E-03   0.24263E-03 
 
                         ****   K-VALUES           **** 
   STAGE     ETHAN-01      WATER         ETHYL-01      ACETA-01      METHA-01 
      1    0.83521       0.67076        8.5003        4.4493        1.1718     
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      2     1.0321       0.76974        10.135        5.0241        1.4899     
      4     1.7782       0.60599        19.164        6.3038        1.9577     
      5     6.2787       0.69513        60.280        14.111        4.4499     
      6     11.172       0.93555        93.909        11.818        6.9639     
      7     12.000       0.97909        98.476        10.506        7.3758     
      8     12.066       0.98315        98.248        9.8522        7.4042     
      9     12.086       0.98488        97.757        9.2696        7.4101     
     13     12.194       0.99308        96.098        7.2355        7.4479     
     14     12.225       0.99531        95.737        6.7948        7.4593     
     15     12.255       0.99754        95.389        6.3792        7.4709     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     ETHAN-01      WATER         ETHYL-01      ACETA-01      METHA-01 
      1    0.82135       0.10559       0.46982E-02   0.50747E-01   0.17609E-01 
      2    0.83299       0.14358       0.48519E-03   0.10572E-01   0.12371E-01 
      4    0.55391       0.43972       0.10859E-04   0.72751E-03   0.56297E-02 
      5    0.12630       0.87156       0.36244E-05   0.22636E-03   0.19015E-02 
      6    0.15334E-01   0.98404       0.23924E-05   0.22198E-03   0.40573E-03 
      7    0.44567E-02   0.99513       0.22530E-05   0.24650E-03   0.16573E-03 
      8    0.35289E-02   0.99607       0.19184E-05   0.26382E-03   0.13287E-03 
      9    0.31740E-02   0.99645       0.24271E-06   0.24052E-03   0.13337E-03 
     13    0.13921E-02   0.99834       0.57397E-10   0.16115E-03   0.11050E-03 
     14    0.92086E-03   0.99886       0.68993E-11   0.13360E-03   0.90163E-04 
     15    0.46581E-03   0.99939       0.75036E-12   0.91087E-04   0.57742E-04 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     ETHAN-01      WATER         ETHYL-01      ACETA-01      METHA-01 
      1    0.65760       0.67894E-01   0.38283E-01   0.21644       0.19780E-01 
      2    0.82135       0.10559       0.46982E-02   0.50747E-01   0.17609E-01 
      4    0.77725       0.21027       0.16422E-03   0.36189E-02   0.86970E-02 
      5    0.56213       0.42946       0.15487E-03   0.22642E-02   0.59977E-02 
      6    0.15607       0.83876       0.20469E-03   0.23901E-02   0.25742E-02 
      7    0.51830E-01   0.94426       0.21502E-03   0.25098E-02   0.11847E-02 
      8    0.41513E-01   0.95481       0.18377E-03   0.25342E-02   0.95923E-03 
      9    0.37498E-01   0.95933       0.23194E-04   0.21794E-02   0.96608E-03 
     13    0.16800E-01   0.98123       0.54590E-08   0.11540E-02   0.81449E-03 
     14    0.11179E-01   0.98725       0.65592E-09   0.90146E-03   0.66788E-03 
     15    0.56879E-02   0.99330       0.71316E-10   0.57895E-03   0.42981E-03 
 
 
 
 
                    ******************************** 
                    ***** HYDRAULIC PARAMETERS ***** 
                    ******************************** 
 
 
       *** DEFINITIONS *** 
 
        MARANGONI INDEX = SIGMA - SIGMATO 
        FLOW PARAM = (ML/MV)*SQRT(RHOV/RHOL) 
        QR = QV*SQRT(RHOV/(RHOL-RHOV)) 
        F FACTOR = QV*SQRT(RHOV) 
          WHERE: 
          SIGMA IS THE SURFACE TENSION OF LIQUID FROM THE STAGE 
          SIGMATO IS THE SURFACE TENSION OF LIQUID TO THE STAGE 
          ML IS THE MASS FLOW OF LIQUID FROM THE STAGE 
          MV IS THE MASS FLOW OF VAPOR TO THE STAGE 
          RHOL IS THE MASS DENSITY OF LIQUID FROM THE STAGE 
          RHOV IS THE MASS DENSITY OF VAPOR TO THE STAGE 
          QV IS THE VOLUMETRIC FLOW RATE OF VAPOR TO THE STAGE 
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                     TEMPERATURE 
                         C    
 STAGE       LIQUID FROM       VAPOR TO 
    1         72.653            77.933     
    2         77.933            79.949     
    4         82.726            92.076     
    5         92.076            101.00     
    6         101.00            102.84     
    7         102.84            103.50     
    8         103.50            104.08     
    9         104.08            104.65     
   13         106.36            106.92     
   14         106.92            107.47     
   15         107.47            107.47     
 
 
             MASS FLOW                VOLUME FLOW         MOLECULAR WEIGHT 
              KG/HR                    L/MIN    
 STAGE LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO 
    1  0.35045E+06 0.35045E+06  7708.0     0.42004E+07  39.219      39.219     
    2  0.32841E+06 0.33576E+06  7211.7     0.41453E+07  37.469      37.506     
    4  0.23189E+06 0.23924E+06  4775.6     0.39933E+07  27.304      27.562     
    5  0.16426E+06 0.17161E+06  3060.5     0.39725E+07  19.537      19.966     
    6  0.15497E+06 0.16232E+06  2828.7     0.39670E+07  18.191      18.643     
    7  0.15436E+06 0.16171E+06  2814.8     0.39849E+07  18.068      18.522     
    8  0.19072E+07 0.15775E+06  34794.     0.37616E+07  18.058      18.469     
    9  0.19088E+07 0.15942E+06  34845.     0.37503E+07  18.054      18.412     
   13  0.19150E+07 0.16557E+06  35032.     0.37078E+07  18.033      18.154     
   14  0.19164E+07 0.16699E+06  35075.     0.36968E+07  18.028      18.088     
   15  0.17494E+07  0.0000      32035.      0.0000      18.022     
 
 
               DENSITY                  VISCOSITY         SURFACE TENSION 
               GM/CC                     CP                  DYNE/CM  
 STAGE LIQUID FROM  VAPOR TO     LIQUID FROM  VAPOR TO      LIQUID FROM 
    1  0.75775      0.13905E-02  0.42842      0.10945E-01    28.206     
    2  0.75897      0.13500E-02  0.41063      0.11131E-01    30.851     
    4  0.80927      0.99850E-03  0.36359      0.12149E-01    46.698     
    5  0.89452      0.72000E-03  0.30840      0.12651E-01    57.381     
    6  0.91308      0.68197E-03  0.27666      0.12698E-01    57.781     
    7  0.91400      0.67636E-03  0.27108      0.12719E-01    57.615     
    8  0.91354      0.69894E-03  0.26917      0.12740E-01    57.504     
    9  0.91302      0.70847E-03  0.26752      0.12760E-01    57.398     
   13  0.91107      0.74425E-03  0.26119      0.12839E-01    56.986     
   14  0.91061      0.75286E-03  0.25968      0.12858E-01    56.886     
   15  0.91016                   0.25821                     56.788     
 
 
       MARANGONI INDEX   FLOW PARAM          QR          REDUCED F-FACTOR 
 STAGE    DYNE/CM                          L/MIN         (GM-L)**.5/MIN   
    1                    0.42838E-01      0.18010E+06      0.49531E+07 
    2    2.6447          0.41251E-01      0.17498E+06      0.48163E+07 
    4    11.176          0.34047E-01      0.14035E+06      0.39903E+07 
    5    10.683          0.27156E-01      0.11275E+06      0.33708E+07 
    6   0.39911          0.26092E-01      0.10846E+06      0.32760E+07 
    7   -.16573          0.25967E-01      0.10844E+06      0.32772E+07 
    8   -.13595E-01      0.33441          0.10409E+06      0.31448E+07 
    9   -.10603          0.33354          0.10451E+06      0.31567E+07 
   13   -.10108          0.33057          0.10602E+06      0.31987E+07 
   14   -.99760E-01      0.32998          0.10634E+06      0.32076E+07 
   15   -.98282E-01                        0.0000           0.0000     
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                 ************************************  
                 ***** TRAY SIZING CALCULATIONS *****  
                 ************************************  
 
 
    ******************* 
    *** SECTION   1 *** 
    ******************* 
 
    STARTING STAGE NUMBER                                         2 
    ENDING STAGE NUMBER                                          14 
    FLOODING CALCULATION METHOD                               GLITSCH6 
 
    DESIGN PARAMETERS              
    -----------------              
    PEAK CAPACITY FACTOR                                      1.00000     
    SYSTEM FOAMING FACTOR                                     1.00000     
    FLOODING FACTOR                                           0.80000     
    MINIMUM COLUMN DIAMETER         METER                     0.30480     
    MINIMUM DC AREA/COLUMN AREA                               0.100000    
    HOLE AREA/ACTIVE AREA                                     0.100000    
 
    TRAY SPECIFICATIONS         
    -------------------         
    TRAY TYPE                                                 SIEVE        
    NUMBER OF PASSES                                              4 
    TRAY SPACING                    METER                     0.60960     
 
 
            ***** SIZING RESULTS @ STAGE WITH MAXIMUM DIAMETER ***** 
 
    STAGE WITH MAXIMUM DIAMETER                                   2 
    COLUMN DIAMETER                 METER                     6.84563     
    DC AREA/COLUMN AREA                                       0.093750    
    SIDE DOWNCOMER VELOCITY         M/SEC                     0.034833    
    FLOW PATH LENGTH                METER                     1.28462     
    SIDE DOWNCOMER WIDTH            METER                     0.41642     
    SIDE WEIR LENGTH                METER                     3.27247     
    CENTER DOWNCOMER WIDTH          METER                     0.26890     
    CENTER WEIR LENGTH              METER                     6.84035     
    OFF-CENTER DOWNCOMER WIDTH      METER                     0.30271     
    OFF-CENTER SHORT WEIR LENGTH    METER                     5.91647     
    OFF-CENTER LONG WEIR LENGTH     METER                     6.22958     
    TRAY CENTER TO OCDC CENTER      METER                     1.57042     
 
 
                          **** SIZING PROFILES **** 
 
       STAGE    DIAMETER      TOTAL AREA   ACTIVE AREA   SIDE DC AREA 
                                            PER PANEL      PER PANEL 
                  METER         SQM          SQM            SQM      
          2       6.8456        36.806       7.3612       0.86264     
          3       6.8456        36.806       7.3612       0.86264     
          4       6.8456        36.806       7.3612       0.86264     
          5       6.8456        36.806       7.3612       0.86264     
          6       6.8456        36.806       7.3612       0.86264     
          7       6.8456        36.806       7.3612       0.86264     
          8       6.8456        36.806       7.3612       0.86264     
          9       6.8456        36.806       7.3612       0.86264     
         10       6.8456        36.806       7.3612       0.86264     
         11       6.8456        36.806       7.3612       0.86264     
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         12       6.8456        36.806       7.3612       0.86264     
         13       6.8456        36.806       7.3612       0.86264     
         14       6.8456        36.806       7.3612       0.86264     
 
 
               **** ADDITIONAL SIZING PROFILES **** 
 
       FLOODING                            DC BACKUP/ 
 STAGE FACTOR      PRES. DROP  DC BACKUP   (TSPC+WHT) 
                    BAR         METER    
   2     80.00      0.8830E-02  0.2325       35.20     
   3     76.01      0.8238E-02  0.2169       32.85     
   4     66.69      0.7051E-02  0.1840       27.86     
   5     55.93      0.6159E-02  0.1558       23.59     
   6     54.19      0.6060E-02  0.1522       23.04     
   7     54.25      0.6061E-02  0.1521       23.03     
   8     78.46      0.8215E-02  0.3620       54.81     
   9     78.52      0.8227E-02  0.3625       54.89     
  10     78.59      0.8239E-02  0.3630       54.97     
  11     78.65      0.8250E-02  0.3636       55.05     
  12     78.70      0.8261E-02  0.3641       55.13     
  13     78.75      0.8271E-02  0.3645       55.20     
  14     78.78      0.8281E-02  0.3650       55.27     
 
       HEIGHT      DC REL      TR LIQ REL  FRA APPR TO 
 STAGE OVER WEIR   FROTH DENS  FROTH DENS  SYS LIMIT 
        METER    
   2    0.6479E-01  0.6070      0.1783       45.49     
   3    0.5955E-01  0.6072      0.1825       41.45     
   4    0.4620E-01  0.6077      0.1958       33.23     
   5    0.3201E-01  0.6081      0.2174       25.86     
   6    0.2998E-01  0.6082      0.2216       24.94     
   7    0.2989E-01  0.6082      0.2215       24.96     
   8    0.1577      0.6082      0.2279       24.23     
   9    0.1582      0.6082      0.2273       24.34     
  10    0.1586      0.6082      0.2267       24.44     
  11    0.1590      0.6082      0.2262       24.54     
  12    0.1594      0.6082      0.2257       24.64     
  13    0.1597      0.6082      0.2252       24.73     
  14    0.1601      0.6082      0.2248       24.82     
 
 BLOCK:  D-305    MODEL: SEP2             
 ---------------------------- 
   INLET STREAM:          37       
   OUTLET STREAMS:        39          38       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            187.411         187.411         0.00000     
       MASS(KG/HR   )            7350.00         7350.00         0.00000     
       ENTHALPY(CAL/SEC )      -0.278722E+07   -0.287796E+07    0.315302E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
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                          ***  INPUT DATA  *** 
 
   INLET PRESSURE DROP   BAR                                 0.0         
 
   FLASH SPECS FOR STREAM 39       
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         BAR                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR STREAM 38       
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         BAR                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   SUBSTREAM MASS FLOW (KG/HR   ) 
     SUBSTREAM= MIXED    
       STREAM= 39        FLOW=          6,525.00        
 
   SPLIT FRACTION 
     SUBSTREAM= MIXED    
       STREAM= 39        CPT= ETHAN-01  FRACTION=          0.99000     
                              OXYGE-01                     0.99000     
                              CARBO-01                     0.99000     
                              ETHYL-01                     0.99000     
                              ACETA-01                     0.99000     
                              METHA-01                     0.99000     
 
   MOLE FRACTION 
     SUBSTREAM= MIXED    
       STREAM= 39        CPT= ETHYL-02  FRACTION=          0.0         
                              DIETH-01                     0.0         
                              TRIET-01                     0.0         
 
 
                           ***  RESULTS  *** 
 
   HEAT DUTY             CAL/SEC                             -90743.     
 
  STREAM=   39         SUBSTREAM= MIXED    
     COMPONENT = ETHAN-01  SPLIT FRACTION =          0.99000     
     COMPONENT = WATER     SPLIT FRACTION =          0.021693    
     COMPONENT = ETHYL-01  SPLIT FRACTION =          0.99000     
     COMPONENT = ACETA-01  SPLIT FRACTION =          0.99000     
     COMPONENT = METHA-01  SPLIT FRACTION =          0.99000     
 
  STREAM=   38         SUBSTREAM= MIXED    
     COMPONENT = ETHAN-01  SPLIT FRACTION =          0.0100000   
     COMPONENT = WATER     SPLIT FRACTION =          0.97831     
     COMPONENT = ETHYL-01  SPLIT FRACTION =          0.0100000   
     COMPONENT = ACETA-01  SPLIT FRACTION =          0.0100000   
     COMPONENT = METHA-01  SPLIT FRACTION =          0.0100000   
 
 BLOCK:  D-512    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - 72       STAGE   6 
    OUTLETS  - 76       STAGE   1 
               84       STAGE  11 
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
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                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            2934.55         2934.55         0.00000     
       MASS(KG/HR   )            76139.1         76139.1       -0.258657E-08 
       ENTHALPY(CAL/SEC )      -0.508446E+08   -0.596804E+08    0.148052     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.816885E-08  KG/HR            
    PRODUCT STREAMS CO2E         0.816885E-08  KG/HR            
    NET STREAMS CO2E PRODUCTION -0.140414E-16  KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION       -0.140414E-16  KG/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        11 
    ALGORITHM OPTION                                      STANDARD     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    MASS REFLUX RATIO                                        0.50000     
    MASS DISTILLATE RATE           KG/HR                44,225.0         
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, BAR                     1.01325     
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  76           84       
    COMPONENT: 
    ETHAN-01    1.0000       .35685E-08 
    CARBO-01    1.0000       0.0000     
    WATER       1.0000       .31115E-05 
    ACETA-01    1.0000       .13425E-08 
    ETHYL-02    .98797E-02   .99012     
    DIETH-01    .38104E-03   .99962     
    TRIET-01    .17058E-09   1.0000     
    METHA-01    1.0000       .35325E-07 
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   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          C                       100.068       
    BOTTOM STAGE TEMPERATURE       C                       206.995       
    TOP STAGE LIQUID FLOW          KMOL/HR               1,221.74        
    BOTTOM STAGE LIQUID FLOW       KMOL/HR                 491.072       
    TOP STAGE VAPOR FLOW           KMOL/HR                   0.0         
    BOILUP VAPOR FLOW              KMOL/HR                 314.179       
    MOLAR REFLUX RATIO                                       0.50000     
    MOLAR BOILUP RATIO                                       0.63978     
    CONDENSER DUTY (W/O SUBCOOL)   CAL/SEC          -9,932,280.          
    REBOILER DUTY                  CAL/SEC           1,096,470.          
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.34961E-04  STAGE=  4 
    BUBBLE POINT                    0.25588E-04  STAGE=  4 
    COMPONENT MASS BALANCE          0.17599E-06  STAGE=  9 COMP=WATER    
    ENERGY BALANCE                  0.90697E-05  STAGE=  7 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             CAL/MOL            HEAT DUTY 
       C             BAR            LIQUID       VAPOR        CAL/SEC  
 
   1   100.07        1.0132       -66947.      -57153.      -.99323+07 
   2   103.35        1.0436       -70247.      -57191.                 
   3   121.81        1.0740       -86183.      -57955.                 
   4   148.06        1.1044       -96729.      -61407.                 
   5   157.74        1.1348       -99967.      -63644.                 
   6   181.91        1.1652      -0.10282E+06  -73816.                 
  10   205.86        1.2868      -0.10372E+06  -90024.                 
  11   206.99        1.3172      -0.10440E+06  -90105.       .10965+07 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KMOL/HR                    KMOL/HR                  KMOL/HR  
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  3665.      0.000                                     2443.4771           
   2  1121.      3665.                                                         
   3  896.8      3565.                                                         
   4  836.8      3340.                                                         
   5  725.2      3280.                2934.5491                                
   6  754.0      234.1                                                         
  10  805.3      311.5                                                         
  11  491.1      314.2                                      491.0719           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KG/HR                      KG/HR                    KG/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.6634E+05  0.000                                     .44225+05           
   2 0.2443E+05 0.6634E+05                                                     
   3 0.3587E+05 0.6866E+05                                                     
   4 0.4431E+05 0.8009E+05                                                     
   5 0.4142E+05 0.8853E+05            .76139+05                                
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   6 0.4649E+05  9507.                                                         
  10 0.5160E+05 0.1948E+05                                                     
  11 0.3191E+05 0.1969E+05                                 .31914+05           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     ETHAN-01      CARBO-01      WATER         ACETA-01      ETHYL-02 
      1    0.57251E-05   0.75963E-13   0.99810       0.66440E-08   0.18946E-02 
      2    0.50018E-06   0.18648E-16   0.91511       0.58634E-09   0.84161E-01 
      3    0.34502E-06   0.24168E-16   0.50759       0.60591E-09   0.48587     
      4    0.24679E-06   0.25613E-16   0.21894       0.49287E-09   0.76924     
      5    0.25304E-06   0.25560E-16   0.15957       0.43835E-09   0.80078     
      6    0.30842E-07   0.27085E-19   0.55943E-01   0.61535E-10   0.90456     
     10    0.13018E-11   0.73251E-32   0.91713E-04   0.82543E-15   0.96097     
     11    0.10166E-12   0.51142E-35   0.15453E-04   0.44383E-16   0.94477     
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     DIETH-01      TRIET-01      METHA-01 
      1    0.33802E-05   0.38016E-12   0.35973E-06 
      2    0.73297E-03   0.34976E-09   0.49952E-07 
      3    0.65347E-02   0.18799E-06   0.31933E-07 
      4    0.11792E-01   0.34395E-04   0.22504E-07 
      5    0.32129E-01   0.75214E-02   0.21021E-07 
      6    0.32247E-01   0.72536E-02   0.35340E-08 
     10    0.32108E-01   0.68308E-02   0.60279E-12 
     11    0.44124E-01   0.11089E-01   0.63230E-13 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     ETHAN-01      CARBO-01      WATER         ACETA-01      ETHYL-02 
      1    0.71247E-04   0.40703E-09   0.99989       0.96019E-07   0.35853E-04 
      2    0.57251E-05   0.75963E-13   0.99810       0.66440E-08   0.18946E-02 
      3    0.40814E-05   0.52073E-13   0.97199       0.47384E-08   0.27774E-01 
      4    0.42806E-05   0.55574E-13   0.86640       0.50228E-08   0.13184     
      5    0.43275E-05   0.56591E-13   0.79932       0.50748E-08   0.19765     
      6    0.78378E-06   0.79170E-16   0.49422       0.13577E-08   0.49876     
     10    0.43356E-10   0.27360E-28   0.12457E-02   0.38624E-13   0.98743     
     11    0.31777E-11   0.18766E-31   0.21091E-03   0.20462E-14   0.98629     
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     DIETH-01      TRIET-01      METHA-01 
      1    0.91340E-08   0.60148E-15   0.27448E-05 
      2    0.33802E-05   0.38016E-12   0.35973E-06 
      3    0.23289E-03   0.11029E-09   0.26228E-06 
      4    0.17570E-02   0.50473E-07   0.27172E-06 
      5    0.30108E-02   0.87746E-05   0.27370E-06 
      6    0.69724E-02   0.38068E-04   0.65110E-07 
     10    0.11204E-01   0.12320E-03   0.14151E-10 
     11    0.13328E-01   0.17455E-03   0.14462E-11 
 
                         ****   K-VALUES           **** 
   STAGE     ETHAN-01      CARBO-01      WATER         ACETA-01      ETHYL-02 
      1     12.445        5358.3        1.0018        14.452       0.18923E-01 
      2     11.446        4073.5        1.0907        11.331       0.22512E-01 
      3     11.830        2154.8        1.9149        7.8211       0.57161E-01 
      4     17.347        2170.2        3.9575        10.194       0.17138     
      5     17.103        2214.2        5.0093        11.579       0.24682     
      6     25.414        2923.2        8.8347        22.068       0.55138     
     10     33.305        3735.2        13.583        46.792        1.0275     
     11     31.260        3669.5        13.648        46.104        1.0439     
 
                         ****   K-VALUES           **** 
   STAGE     DIETH-01      TRIET-01      METHA-01 
      1    0.27022E-02   0.15822E-02    7.6302     
      2    0.46116E-02   0.10870E-02    7.2016     
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      3    0.35638E-01   0.58674E-03    8.2138     
      4    0.14900       0.14672E-02    12.076     
      5    0.93708E-01   0.11665E-02    13.021     
      6    0.21622       0.52475E-02    18.425     
     10    0.34896       0.18036E-01    23.476     
     11    0.30207       0.15740E-01    22.871     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     ETHAN-01      CARBO-01      WATER         ACETA-01      ETHYL-02 
      1    0.14572E-04   0.18471E-12   0.99347       0.16171E-07   0.64973E-02 
      2    0.10576E-05   0.37669E-16   0.75667       0.11855E-08   0.23976     
      3    0.39742E-06   0.26594E-16   0.22864       0.66739E-09   0.75402     
      4    0.21474E-06   0.21290E-16   0.74495E-01   0.41008E-09   0.90177     
      5    0.20410E-06   0.19695E-16   0.50331E-01   0.33809E-09   0.87020     
      6    0.23042E-07   0.19331E-19   0.16344E-01   0.43961E-10   0.91049     
     10    0.93591E-12   0.50308E-32   0.25784E-04   0.56746E-15   0.93079     
     11    0.72062E-13   0.34633E-35   0.42837E-05   0.30085E-16   0.90232     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     DIETH-01      TRIET-01      METHA-01 
      1    0.19819E-04   0.31543E-11   0.63686E-06 
      2    0.35701E-02   0.24108E-08   0.73463E-07 
      3    0.17339E-01   0.70586E-06   0.25583E-07 
      4    0.23635E-01   0.97557E-04   0.13619E-07 
      5    0.59695E-01   0.19776E-01   0.11793E-07 
      6    0.55497E-01   0.17665E-01   0.18364E-08 
     10    0.53174E-01   0.16008E-01   0.30141E-12 
     11    0.72051E-01   0.25625E-01   0.31175E-13 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     ETHAN-01      CARBO-01      WATER         ACETA-01      ETHYL-02 
      1    0.18216E-03   0.99415E-09   0.99969       0.23475E-06   0.12350E-03 
      2    0.14572E-04   0.18471E-12   0.99347       0.16171E-07   0.64973E-02 
      3    0.97629E-05   0.11899E-12   0.90920       0.10838E-07   0.89507E-01 
      4    0.82243E-05   0.10200E-12   0.65095       0.92281E-08   0.34127     
      5    0.73868E-05   0.92280E-13   0.53355       0.82833E-08   0.45455     
      6    0.88921E-06   0.85804E-16   0.21926       0.14730E-08   0.76237     
     10    0.31949E-10   0.19260E-28   0.35896E-03   0.27216E-13   0.98033     
     11    0.23363E-11   0.13180E-31   0.60636E-04   0.14386E-14   0.97695     
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     DIETH-01      TRIET-01      METHA-01 
      1    0.53794E-07   0.50129E-14   0.48810E-05 
      2    0.19819E-04   0.31543E-11   0.63686E-06 
      3    0.12833E-02   0.85995E-09   0.43637E-06 
      4    0.77760E-02   0.31611E-06   0.36311E-06 
      5    0.11839E-01   0.48824E-04   0.32495E-06 
      6    0.18222E-01   0.14078E-03   0.51378E-07 
     10    0.19019E-01   0.29594E-03   0.72527E-11 
     11    0.22572E-01   0.41832E-03   0.73949E-12 
 
 
 
 
                    ******************************** 
                    ***** HYDRAULIC PARAMETERS ***** 
                    ******************************** 
 
 
       *** DEFINITIONS *** 
 
        MARANGONI INDEX = SIGMA - SIGMATO 
        FLOW PARAM = (ML/MV)*SQRT(RHOV/RHOL) 
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        QR = QV*SQRT(RHOV/(RHOL-RHOV)) 
        F FACTOR = QV*SQRT(RHOV) 
          WHERE: 
          SIGMA IS THE SURFACE TENSION OF LIQUID FROM THE STAGE 
          SIGMATO IS THE SURFACE TENSION OF LIQUID TO THE STAGE 
          ML IS THE MASS FLOW OF LIQUID FROM THE STAGE 
          MV IS THE MASS FLOW OF VAPOR TO THE STAGE 
          RHOL IS THE MASS DENSITY OF LIQUID FROM THE STAGE 
          RHOV IS THE MASS DENSITY OF VAPOR TO THE STAGE 
          QV IS THE VOLUMETRIC FLOW RATE OF VAPOR TO THE STAGE 
 
 
                     TEMPERATURE 
                         C    
 STAGE       LIQUID FROM       VAPOR TO 
    1         100.07            103.35     
    2         103.35            121.81     
    3         121.81            148.06     
    4         148.06            157.74     
    5         157.74            198.09     
    6         181.91            197.75     
   10         205.86            206.99     
   11         206.99            206.99     
 
 
             MASS FLOW                VOLUME FLOW         MOLECULAR WEIGHT 
              KG/HR                    L/MIN    
 STAGE LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO 
    1   66338.      66338.      1203.2     0.18323E+07  18.099      18.099     
    2   24433.      68658.      432.28     0.18166E+07  21.787      19.259     
    3   35869.      80094.      598.74     0.17653E+07  39.995      23.978     
    4   44308.      88533.      744.43     0.17260E+07  52.946      26.989     
    5   41421.      85647.      702.81     0.18233E+07  57.117      27.029     
    6   46494.      14580.      806.76     0.14349E+06  61.664      55.453     
   10   51601.      19687.      918.81     0.15870E+06  64.081      62.662     
   11   31914.      0.0000      569.63      0.0000      64.989     
 
 
               DENSITY                  VISCOSITY         SURFACE TENSION 
               GM/CC                     CP                  DYNE/CM  
 STAGE LIQUID FROM  VAPOR TO     LIQUID FROM  VAPOR TO      LIQUID FROM 
    1  0.91887      0.60342E-03  0.28035      0.12700E-01    58.202     
    2  0.94203      0.62992E-03  0.31868      0.13378E-01    56.150     
    3  0.99847      0.75618E-03  0.55748      0.14193E-01    46.367     
    4  0.99198      0.85492E-03  0.67367      0.14385E-01    38.401     
    5  0.98228      0.78288E-03  0.66715      0.15835E-01    36.356     
    6  0.96050      0.16935E-02  0.58700      0.13575E-01    32.028     
   10  0.93601      0.20676E-02  0.47569      0.13298E-01    28.466     
   11  0.93377                   0.47122                     28.353     
 
 
       MARANGONI INDEX   FLOW PARAM          QR          REDUCED F-FACTOR 
 STAGE    DYNE/CM                          L/MIN         (GM-L)**.5/MIN   
    1                    0.25626E-01       46969.          0.14233E+07 
    2   -2.0520          0.92023E-02       46991.          0.14418E+07 
    3   -9.7824          0.12324E-01       48600.          0.15351E+07 
    4   -7.9666          0.14692E-01       50690.          0.15958E+07 
    5   -2.0449          0.13654E-01       51495.          0.16133E+07 
    6   -4.3281          0.13390           6030.3          0.18673E+06 
   10   -.13232          0.12319           7466.8          0.22819E+06 
   11   -.11362                            0.0000           0.0000     
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                 ************************************  
                 ***** TRAY SIZING CALCULATIONS *****  
                 ************************************  
 
 
    ******************* 
    *** SECTION   1 *** 
    ******************* 
 
    STARTING STAGE NUMBER                                         2 
    ENDING STAGE NUMBER                                          10 
    FLOODING CALCULATION METHOD                               GLITSCH6 
 
    DESIGN PARAMETERS              
    -----------------              
    PEAK CAPACITY FACTOR                                      1.00000     
    SYSTEM FOAMING FACTOR                                     1.00000     
    FLOODING FACTOR                                           0.80000     
    MINIMUM COLUMN DIAMETER         METER                     0.30480     
    MINIMUM DC AREA/COLUMN AREA                               0.100000    
    HOLE AREA/ACTIVE AREA                                     0.100000    
 
    TRAY SPECIFICATIONS         
    -------------------         
    TRAY TYPE                                                 SIEVE        
    NUMBER OF PASSES                                              1 
    TRAY SPACING                    METER                     0.60960     
 
 
            ***** SIZING RESULTS @ STAGE WITH MAXIMUM DIAMETER ***** 
 
    STAGE WITH MAXIMUM DIAMETER                                   5 
    COLUMN DIAMETER                 METER                     3.84432     
    DC AREA/COLUMN AREA                                       0.100000    
    DOWNCOMER VELOCITY              M/SEC                     0.010092    
    FLOW PATH LENGTH                METER                     2.64124     
    SIDE DOWNCOMER WIDTH            METER                     0.60154     
    SIDE WEIR LENGTH                METER                     2.79333     
    CENTER DOWNCOMER WIDTH          METER                     0.0         
    CENTER WEIR LENGTH              METER                     MISSING     
    OFF-CENTER DOWNCOMER WIDTH      METER                     0.0         
    OFF-CENTER SHORT WEIR LENGTH    METER                     MISSING     
    OFF-CENTER LONG WEIR LENGTH     METER                     MISSING     
    TRAY CENTER TO OCDC CENTER      METER                     0.0         
 
 
                          **** SIZING PROFILES **** 
 
       STAGE    DIAMETER      TOTAL AREA   ACTIVE AREA   SIDE DC AREA 
                  METER         SQM          SQM            SQM      
          2       3.8443        11.607       9.2858        1.1607     
          3       3.8443        11.607       9.2858        1.1607     
          4       3.8443        11.607       9.2858        1.1607     
          5       3.8443        11.607       9.2858        1.1607     
          6       3.8443        11.607       9.2858        1.1607     
          7       3.8443        11.607       9.2858        1.1607     
          8       3.8443        11.607       9.2858        1.1607     
          9       3.8443        11.607       9.2858        1.1607     
         10       3.8443        11.607       9.2858        1.1607     
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               **** ADDITIONAL SIZING PROFILES **** 
 
       FLOODING                            DC BACKUP/ 
 STAGE FACTOR      PRES. DROP  DC BACKUP   (TSPC+WHT) 
                    BAR         METER    
   2     74.54      0.8645E-02  0.1867       28.27     
   3     75.59      0.9603E-02  0.1965       29.75     
   4     77.88      0.1013E-01  0.2081       31.52     
   5     80.00      0.1019E-01  0.2095       31.73     
   6     11.63      0.5794E-02  0.1938       29.34     
   7     13.25      0.5671E-02  0.1927       29.19     
   8     13.79      0.5635E-02  0.1926       29.17     
   9     13.89      0.5629E-02  0.1928       29.20     
  10     13.91      0.5629E-02  0.1930       29.23     
 
       HEIGHT      DC REL      TR LIQ REL  FRA APPR TO 
 STAGE OVER WEIR   FROTH DENS  FROTH DENS  SYS LIMIT 
        METER    
   2    0.3965E-01  0.6082      0.1824       34.74     
   3    0.5046E-01  0.6083      0.1775       38.29     
   4    0.5924E-01  0.6083      0.1748       41.86     
   5    0.5710E-01  0.6083      0.1740       42.97     
   6    0.2720E-01  0.6082      0.5933       5.214     
   7    0.2997E-01  0.6082      0.5609       6.244     
   8    0.3089E-01  0.6082      0.5521       6.565     
   9    0.3112E-01  0.6082      0.5509       6.623     
  10    0.3123E-01  0.6082      0.5510       6.630     
 
 BLOCK:  D-601    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - 84       STAGE   7 
    OUTLETS  - 85       STAGE   1 
               86       STAGE  14 
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            491.072         491.072         0.00000     
       MASS(KG/HR   )            31914.1         31914.1       -0.247202E-08 
       ENTHALPY(CAL/SEC )      -0.142406E+08   -0.143119E+08    0.497662E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        14 
    ALGORITHM OPTION                                      STANDARD     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
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    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    MASS REFLUX RATIO                                       10.5000      
    MASS DISTILLATE RATE           KG/HR                27,925.0         
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, BAR                     1.01325     
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  85           86       
    COMPONENT: 
    ETHAN-01    1.0000       .64677E-14 
    WATER       1.0000       .24537E-11 
    ETHYL-02    .96878       .31222E-01 
    DIETH-01    .11851E-01   .98815     
    TRIET-01    .44397E-09   1.0000     
    METHA-01    1.0000       .59698E-13 
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          C                       197.082       
    BOTTOM STAGE TEMPERATURE       C                       240.863       
    TOP STAGE LIQUID FLOW          KMOL/HR               4,722.16        
    BOTTOM STAGE LIQUID FLOW       KMOL/HR                  41.3423      
    TOP STAGE VAPOR FLOW           KMOL/HR                   0.0         
    BOILUP VAPOR FLOW              KMOL/HR               4,900.20        
    MOLAR REFLUX RATIO                                      10.5000      
    MOLAR BOILUP RATIO                                     118.528       
    CONDENSER DUTY (W/O SUBCOOL)   CAL/SEC                  -0.184000+08 
    REBOILER DUTY                  CAL/SEC                   0.183288+08 
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.18476E-04  STAGE= 14 
    BUBBLE POINT                    0.98833E-05  STAGE= 14 
    COMPONENT MASS BALANCE          0.13017E-05  STAGE=  7 COMP=TRIET-01 
    ENERGY BALANCE                  0.24712E-04  STAGE= 14 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
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                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             CAL/MOL            HEAT DUTY 
       C             BAR            LIQUID       VAPOR        CAL/SEC  
 
   1   197.08        1.0132      -0.10271E+06  -89905.      -.18400+08 
   2   197.86        1.0366      -0.10268E+06  -89900.                 
   5   200.11        1.1068      -0.10264E+06  -89892.                 
   6   200.85        1.1302      -0.10266E+06  -89911.                 
   7   201.64        1.1535      -0.10282E+06  -89957.                 
   8   202.35        1.1769      -0.10282E+06  -89961.                 
  10   203.91        1.2237      -0.10313E+06  -90102.                 
  11   205.13        1.2471      -0.10411E+06  -90419.                 
  12   208.96        1.2705      -0.10872E+06  -91513.                 
  13   223.18        1.2938      -0.11902E+06  -95929.                 
  14   240.86        1.3172      -0.12897E+06 -0.10547E+06   .18329+08 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KMOL/HR                    KMOL/HR                  KMOL/HR  
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  5172.      0.000                                      449.7297           
   2  4729.      5172.                                                         
   5  4752.      5193.                                                         
   6  4764.      5202.                   9.3839                                
   7  5258.      5204.       481.6880                                          
   8  5269.      5217.                                                         
  10  5316.      5245.                                                         
  11  5359.      5275.                                                         
  12  5266.      5318.                                                         
  13  4942.      5225.                                                         
  14  41.34      4900.                                       41.3422           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KG/HR                      KG/HR                    KG/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.3211E+06  0.000                                     .27925+05           
   2 0.2937E+06 0.3211E+06                                                     
   5 0.2957E+06 0.3228E+06                                                     
   6 0.2968E+06 0.3236E+06             588.2133                                
   7 0.3291E+06 0.3242E+06  .31326+05                                          
   8 0.3302E+06 0.3251E+06                                                     
  10 0.3363E+06 0.3281E+06                                                     
  11 0.3474E+06 0.3323E+06                                                     
  12 0.3744E+06 0.3434E+06                                                     
  13 0.4161E+06 0.3704E+06                                                     
  14  3989.     0.4121E+06                                 3989.0730           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     ETHAN-01      WATER         ETHYL-02      DIETH-01      TRIET-01 
      1    0.11100E-12   0.16873E-04   0.99941       0.57097E-03   0.53759E-11 
      2    0.23745E-14   0.11881E-05   0.99911       0.88883E-03   0.12496E-09 
      5    0.22284E-15   0.11236E-06   0.99666       0.33396E-02   0.14097E-05 
      6    0.22939E-15   0.11256E-06   0.99454       0.54224E-02   0.35940E-04 
      7    0.14804E-15   0.90259E-07   0.98927       0.96620E-02   0.10662E-02 
      8    0.37479E-17   0.66199E-08   0.98773       0.11208E-01   0.10599E-02 
     10    0.28247E-20   0.36012E-10   0.97376       0.25207E-01   0.10321E-02 
     11    0.99326E-22   0.26332E-11   0.93866       0.60318E-01   0.10208E-02 
     12    0.49431E-23   0.17586E-12   0.79709       0.20110       0.18160E-02 
     13    0.21432E-24   0.92306E-14   0.52580       0.44584       0.28358E-01 
     14    0.78096E-26   0.45039E-15   0.35038       0.51790       0.13172     
 
                         ****   MOLE-X-PROFILE     **** 
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   STAGE     METHA-01 
      1    0.69042E-13 
      2    0.24975E-14 
      5    0.23290E-15 
      6    0.23598E-15 
      7    0.16574E-15 
      8    0.65823E-17 
     10    0.10988E-19 
     11    0.47760E-21 
     12    0.22331E-22 
     13    0.98803E-24 
     14    0.44836E-25 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     ETHAN-01      WATER         ETHYL-02      DIETH-01      TRIET-01 
      1    0.52723E-11   0.24112E-03   0.99938       0.37426E-03   0.23342E-12 
      2    0.11100E-12   0.16873E-04   0.99941       0.57097E-03   0.53759E-11 
      5    0.98126E-14   0.15673E-05   0.99801       0.19876E-02   0.55059E-07 
      6    0.97995E-14   0.15614E-05   0.99690       0.31003E-02   0.12878E-05 
      7    0.60322E-14   0.12467E-05   0.99498       0.49880E-02   0.32616E-04 
      8    0.14922E-15   0.90975E-07   0.99433       0.56346E-02   0.30817E-04 
     10    0.99504E-19   0.49154E-09   0.98895       0.11030E-01   0.18772E-04 
     11    0.28468E-20   0.36294E-10   0.97865       0.21345E-01   0.76964E-05 
     12    0.10010E-21   0.26537E-11   0.94324       0.56760E-01   0.47053E-05 
     13    0.49821E-23   0.17724E-12   0.80062       0.19859       0.78816E-03 
     14    0.21607E-24   0.93047E-14   0.52728       0.44524       0.27486E-01 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     METHA-01 
      1    0.19328E-11 
      2    0.69042E-13 
      5    0.61915E-14 
      6    0.61815E-14 
      7    0.42607E-14 
      8    0.16705E-15 
     10    0.26774E-18 
     11    0.11074E-19 
     12    0.48132E-21 
     13    0.22507E-22 
     14    0.99598E-24 
 
                         ****   K-VALUES           **** 
   STAGE     ETHAN-01      WATER         ETHYL-02      DIETH-01      TRIET-01 
      1     47.498        14.290       0.99997       0.65548       0.43419E-01 
      2     46.747        14.202        1.0003       0.64238       0.43019E-01 
      5     44.034        13.948        1.0014       0.59516       0.39055E-01 
      6     42.720        13.871        1.0024       0.57174       0.35830E-01 
      7     40.746        13.813        1.0058       0.51624       0.30590E-01 
      8     39.813        13.743        1.0067       0.50271       0.29072E-01 
     10     35.226        13.650        1.0156       0.43757       0.18187E-01 
     11     28.661        13.783        1.0426       0.35388       0.75393E-02 
     12     20.251        15.090        1.1834       0.28225       0.25907E-02 
     13     23.247        19.202        1.5227       0.44542       0.27789E-01 
     14     27.665        20.659        1.5049       0.85971       0.20868     
 
                         ****   K-VALUES           **** 
   STAGE     METHA-01 
      1     27.995     
      2     27.645     
      5     26.584     
      6     26.195     
      7     25.708     
      8     25.379     
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     10     24.367     
     11     23.186     
     12     21.554     
     13     22.781     
     14     22.213     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     ETHAN-01      WATER         ETHYL-02      DIETH-01      TRIET-01 
      1    0.82356E-13   0.48956E-05   0.99902       0.97583E-03   0.13002E-10 
      2    0.17613E-14   0.34463E-06   0.99848       0.15187E-02   0.30216E-09 
      5    0.16501E-15   0.32536E-07   0.99430       0.56964E-02   0.34027E-05 
      6    0.16960E-15   0.32545E-07   0.99068       0.92350E-02   0.86619E-04 
      7    0.10897E-15   0.25980E-07   0.98106       0.16382E-01   0.25582E-02 
      8    0.27557E-17   0.19034E-08   0.97848       0.18984E-01   0.25405E-02 
     10    0.20567E-20   0.10254E-10   0.95527       0.42280E-01   0.24496E-02 
     11    0.70598E-22   0.73190E-12   0.89888       0.98757E-01   0.23652E-02 
     12    0.32034E-23   0.44566E-13   0.69596       0.30020       0.38364E-02 
     13    0.11725E-24   0.19748E-14   0.38756       0.56187       0.50573E-01 
     14    0.37287E-26   0.84091E-16   0.22539       0.56960       0.20501     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     METHA-01 
      1    0.35628E-13 
      2    0.12885E-14 
      5    0.11995E-15 
      6    0.12135E-15 
      7    0.84850E-16 
      8    0.33662E-17 
     10    0.55646E-20 
     11    0.23611E-21 
     12    0.10066E-22 
     13    0.37596E-24 
     14    0.14889E-25 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     ETHAN-01      WATER         ETHYL-02      DIETH-01      TRIET-01 
      1    0.39129E-11   0.69977E-04   0.99929       0.63983E-03   0.56471E-12 
      2    0.82356E-13   0.48956E-05   0.99902       0.97583E-03   0.13002E-10 
      5    0.72730E-14   0.45426E-06   0.99661       0.33936E-02   0.13303E-06 
      6    0.72575E-14   0.45219E-06   0.99471       0.52890E-02   0.31091E-05 
      7    0.44613E-14   0.36057E-06   0.99142       0.84978E-02   0.78632E-04 
      8    0.11031E-15   0.26299E-07   0.99033       0.95949E-02   0.74261E-04 
     10    0.73279E-19   0.14156E-09   0.98124       0.18712E-01   0.45064E-04 
     11    0.20814E-20   0.10377E-10   0.96403       0.35950E-01   0.18343E-04 
     12    0.71418E-22   0.74041E-12   0.90670       0.93287E-01   0.10943E-04 
     13    0.32379E-23   0.45045E-13   0.70103       0.29730       0.16697E-02 
     14    0.11835E-24   0.19931E-14   0.38913       0.56179       0.49079E-01 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     METHA-01 
      1    0.99772E-12 
      2    0.35628E-13 
      5    0.31918E-14 
      6    0.31841E-14 
      7    0.21917E-14 
      8    0.85891E-16 
     10    0.13714E-18 
     11    0.56314E-20 
     12    0.23885E-21 
     13    0.10174E-22 
     14    0.37945E-24 
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                    ******************************** 
                    ***** HYDRAULIC PARAMETERS ***** 
                    ******************************** 
 
 
       *** DEFINITIONS *** 
 
        MARANGONI INDEX = SIGMA - SIGMATO 
        FLOW PARAM = (ML/MV)*SQRT(RHOV/RHOL) 
        QR = QV*SQRT(RHOV/(RHOL-RHOV)) 
        F FACTOR = QV*SQRT(RHOV) 
          WHERE: 
          SIGMA IS THE SURFACE TENSION OF LIQUID FROM THE STAGE 
          SIGMATO IS THE SURFACE TENSION OF LIQUID TO THE STAGE 
          ML IS THE MASS FLOW OF LIQUID FROM THE STAGE 
          MV IS THE MASS FLOW OF VAPOR TO THE STAGE 
          RHOL IS THE MASS DENSITY OF LIQUID FROM THE STAGE 
          RHOV IS THE MASS DENSITY OF VAPOR TO THE STAGE 
          QV IS THE VOLUMETRIC FLOW RATE OF VAPOR TO THE STAGE 
 
 
                     TEMPERATURE 
                         C    
 STAGE       LIQUID FROM       VAPOR TO 
    1         197.08            197.86     
    2         197.86            198.62     
    5         200.11            200.85     
    6         200.85            201.64     
    7         201.64            202.35     
    8         202.35            203.09     
   10         203.91            205.13     
   11         205.13            208.96     
   12         208.96            223.18     
   13         223.18            240.86     
   14         240.86            240.86     
 
 
             MASS FLOW                VOLUME FLOW         MOLECULAR WEIGHT 
              KG/HR                    L/MIN    
 STAGE LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO 
    1  0.32114E+06 0.32114E+06  5643.9     0.32563E+07  62.093      62.093     
    2  0.29369E+06 0.32162E+06  5166.3     0.31937E+07  62.108      62.106     
    5  0.29568E+06 0.32360E+06  5216.0     0.30234E+07  62.216      62.205     
    6  0.29683E+06 0.32475E+06  5241.5     0.30350E+07  62.310      62.292     
    7  0.32912E+06 0.32513E+06  5819.5     0.29209E+07  62.588      62.319     
    8  0.33016E+06 0.32617E+06  5843.4     0.28744E+07  62.656      62.388     
   10  0.33633E+06 0.33234E+06  5968.7     0.28032E+07  63.270      63.009     
   11  0.34736E+06 0.34337E+06  6185.0     0.27964E+07  64.816      64.569     
   12  0.37437E+06 0.37039E+06  6731.2     0.27775E+07  71.087      70.886     
   13  0.41612E+06 0.41213E+06  7624.0     0.26497E+07  84.208      84.104     
   14   3989.1      0.0000      74.338      0.0000      96.489     
 
 
               DENSITY                  VISCOSITY         SURFACE TENSION 
               GM/CC                     CP                  DYNE/CM  
 STAGE LIQUID FROM  VAPOR TO     LIQUID FROM  VAPOR TO      LIQUID FROM 
    1  0.94833      0.16437E-02  0.52404      0.13083E-01    29.502     
    2  0.94745      0.16784E-02  0.51921      0.13103E-01    29.405     
    5  0.94479      0.17839E-02  0.50558      0.13158E-01    29.126     
    6  0.94383      0.17834E-02  0.50129      0.13174E-01    29.037     
    7  0.94258      0.18552E-02  0.49719      0.13192E-01    28.947     
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    8  0.94169      0.18912E-02  0.49307      0.13208E-01    28.860     
   10  0.93916      0.19760E-02  0.48521      0.13227E-01    28.693     
   11  0.93602      0.20465E-02  0.48139      0.13239E-01    28.618     
   12  0.92697      0.22225E-02  0.47184      0.13248E-01    28.463     
   13  0.90966      0.25922E-02  0.41315      0.12960E-01    27.360     
   14  0.89436                   0.34164                     25.628     
 
 
       MARANGONI INDEX   FLOW PARAM          QR          REDUCED F-FACTOR 
 STAGE    DYNE/CM                          L/MIN         (GM-L)**.5/MIN   
    1                    0.41632E-01      0.13568E+06      0.41748E+07 
    2   -.97374E-01      0.38435E-01      0.13454E+06      0.41375E+07 
    5   -.91134E-01      0.39703E-01      0.13150E+06      0.40382E+07 
    6   -.89453E-01      0.39731E-01      0.13205E+06      0.40530E+07 
    7   -.11940          0.44909E-01      0.12971E+06      0.39784E+07 
    8   -.86895E-01      0.45362E-01      0.12894E+06      0.39530E+07 
   10   -.81526E-01      0.46420E-01      0.12872E+06      0.39404E+07 
   11   -.75490E-01      0.47302E-01      0.13090E+06      0.40004E+07 
   12   -.15486          0.49493E-01      0.13617E+06      0.41408E+07 
   13   -1.1028          0.53899E-01      0.14165E+06      0.42662E+07 
   14   -1.7322                            0.0000           0.0000     
 
 
 
 
                 ************************************  
                 ***** TRAY SIZING CALCULATIONS *****  
                 ************************************  
 
 
    ******************* 
    *** SECTION   1 *** 
    ******************* 
 
    STARTING STAGE NUMBER                                         2 
    ENDING STAGE NUMBER                                          13 
    FLOODING CALCULATION METHOD                               GLITSCH6 
 
    DESIGN PARAMETERS              
    -----------------              
    PEAK CAPACITY FACTOR                                      1.00000     
    SYSTEM FOAMING FACTOR                                     1.00000     
    FLOODING FACTOR                                           0.80000     
    MINIMUM COLUMN DIAMETER         METER                     0.30480     
    MINIMUM DC AREA/COLUMN AREA                               0.100000    
    HOLE AREA/ACTIVE AREA                                     0.100000    
 
    TRAY SPECIFICATIONS         
    -------------------         
    TRAY TYPE                                                 SIEVE        
    NUMBER OF PASSES                                              1 
    TRAY SPACING                    METER                     0.60960     
 
 
            ***** SIZING RESULTS @ STAGE WITH MAXIMUM DIAMETER ***** 
 
    STAGE WITH MAXIMUM DIAMETER                                  13 
    COLUMN DIAMETER                 METER                     6.73129     
    DC AREA/COLUMN AREA                                       0.100000    
    DOWNCOMER VELOCITY              M/SEC                     0.035707    
    FLOW PATH LENGTH                METER                     4.62473     
    SIDE DOWNCOMER WIDTH            METER                     1.05328     
    SIDE WEIR LENGTH                METER                     4.89103     
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    CENTER DOWNCOMER WIDTH          METER                     0.0         
    CENTER WEIR LENGTH              METER                     MISSING     
    OFF-CENTER DOWNCOMER WIDTH      METER                     0.0         
    OFF-CENTER SHORT WEIR LENGTH    METER                     MISSING     
    OFF-CENTER LONG WEIR LENGTH     METER                     MISSING     
    TRAY CENTER TO OCDC CENTER      METER                     0.0         
 
 
                          **** SIZING PROFILES **** 
 
       STAGE    DIAMETER      TOTAL AREA   ACTIVE AREA   SIDE DC AREA 
                  METER         SQM          SQM            SQM      
          2       6.7313        35.587       28.469        3.5587     
          3       6.7313        35.587       28.469        3.5587     
          4       6.7313        35.587       28.469        3.5587     
          5       6.7313        35.587       28.469        3.5587     
          6       6.7313        35.587       28.469        3.5587     
          7       6.7313        35.587       28.469        3.5587     
          8       6.7313        35.587       28.469        3.5587     
          9       6.7313        35.587       28.469        3.5587     
         10       6.7313        35.587       28.469        3.5587     
         11       6.7313        35.587       28.469        3.5587     
         12       6.7313        35.587       28.469        3.5587     
         13       6.7313        35.587       28.469        3.5587     
 
 
               **** ADDITIONAL SIZING PROFILES **** 
 
       FLOODING                            DC BACKUP/ 
 STAGE FACTOR      PRES. DROP  DC BACKUP   (TSPC+WHT) 
                    BAR         METER    
   2     71.05      0.9362E-02  0.2829       42.84     
   3     70.38      0.9290E-02  0.2824       42.77     
   4     69.75      0.9224E-02  0.2821       42.72     
   5     69.22      0.9165E-02  0.2820       42.71     
   6     69.52      0.9196E-02  0.2833       42.90     
   7     70.07      0.9200E-02  0.3008       45.56     
   8     69.82      0.9154E-02  0.3011       45.60     
   9     69.73      0.9129E-02  0.3022       45.76     
  10     70.07      0.9153E-02  0.3053       46.23     
  11     71.57      0.9309E-02  0.3146       47.63     
  12     75.26      0.9681E-02  0.3388       51.30     
  13     80.00      0.1006E-01  0.3785       57.32     
 
       HEIGHT      DC REL      TR LIQ REL  FRA APPR TO 
 STAGE OVER WEIR   FROTH DENS  FROTH DENS  SYS LIMIT 
        METER    
   2    0.1429      0.6082      0.1885       38.67     
   3    0.1427      0.6082      0.1893       38.40     
   4    0.1426      0.6082      0.1901       38.13     
   5    0.1425      0.6082      0.1909       37.90     
   6    0.1432      0.6082      0.1905       38.08     
   7    0.1531      0.6082      0.1924       37.45     
   8    0.1531      0.6082      0.1931       37.26     
   9    0.1536      0.6082      0.1936       37.16     
  10    0.1552      0.6082      0.1935       37.25     
  11    0.1601      0.6082      0.1919       37.90     
  12    0.1722      0.6082      0.1884       39.45     
  13    0.1902      0.6082      0.1856       41.39     
 
 BLOCK:  E-102    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          2        
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   OUTLET STREAM:         3        
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            803.421         803.421         0.00000     
       MASS(KG/HR   )            36150.0         36150.0         0.00000     
       ENTHALPY(CAL/SEC )      -0.147905E+08   -0.122406E+08   -0.172402     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                       100.000       
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    100.00     
   OUTLET PRESSURE       BAR                                  1.6212     
   HEAT DUTY             CAL/SEC                             0.25499E+07 
   OUTLET VAPOR FRACTION                                      1.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.95715        0.96232        0.95715         1.3855     
      WATER            0.33718E-01    0.31840E-01    0.33718E-01     1.4751     
      METHA-01         0.91276E-02    0.58433E-02    0.91276E-02     2.1759     
 
 BLOCK:  E-202-A  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          10       
   OUTLET STREAM:         11       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            15688.1         15688.1         0.00000     
       MASS(KG/HR   )            668100.         668100.         0.00000     
       ENTHALPY(CAL/SEC )      -0.366824E+09   -0.374716E+09    0.210596E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             609124.      KG/HR            
    PRODUCT STREAMS CO2E          609124.      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
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                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        79.4440      
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    79.444     
   OUTLET PRESSURE       BAR                                  1.3172     
   HEAT DUTY             CAL/SEC                            -0.78913E+07 
   OUTLET VAPOR FRACTION                                      1.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.98036E-02    0.20862E-01    0.98036E-02     3.7050     
      OXYGE-01         0.26157E-01    0.49168E-05    0.26157E-01     41943.     
      CARBO-01         0.88224        0.24535E-02    0.88224         2835.1     
      WATER            0.43294E-01    0.96803        0.43294E-01    0.35261     
      ETHYL-01         0.37254E-01    0.68641E-02    0.37254E-01     42.790     
      ACETA-01         0.78429E-03    0.32344E-03    0.78429E-03     19.118     
      METHA-01         0.46744E-03    0.14580E-02    0.46744E-03     2.5278     
 
 BLOCK:  E-202-B  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          11       
   OUTLET STREAM:         12       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            15688.1         15688.1         0.00000     
       MASS(KG/HR   )            668100.         668100.         0.00000     
       ENTHALPY(CAL/SEC )      -0.374716E+09   -0.378925E+09    0.111102E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             609124.      KG/HR            
    PRODUCT STREAMS CO2E          609124.      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        15.0000      
   PRESSURE DROP                        BAR                       0.0         
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    15.000     
   OUTLET PRESSURE       BAR                                  1.3172     
   HEAT DUTY             CAL/SEC                            -0.42100E+07 
   OUTLET VAPOR FRACTION                                     0.96508     
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   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.98036E-02    0.76732E-01    0.73819E-02    0.96202E-01 
      OXYGE-01         0.26157E-01    0.16860E-05    0.27103E-01     16075.     
      CARBO-01         0.88224        0.16109E-02    0.91410         567.46     
      WATER            0.43294E-01    0.90881        0.11976E-01    0.13178E-01 
      ETHYL-01         0.37254E-01    0.84473E-02    0.38296E-01     4.5335     
      ACETA-01         0.78429E-03    0.51840E-03    0.79391E-03     1.5314     
      METHA-01         0.46744E-03    0.38787E-02    0.34401E-03    0.88693E-01 
 
 BLOCK:  E-204    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          14       
   OUTLET STREAM:         15       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            96584.7         96584.7         0.00000     
       MASS(KG/HR   )           0.174000E+07    0.174000E+07     0.00000     
       ENTHALPY(CAL/SEC )      -0.182796E+10   -0.184085E+10    0.700022E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                         5.00000     
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    5.0000     
   OUTLET PRESSURE       BAR                                  1.0132     
   HEAT DUTY             CAL/SEC                            -0.12886E+08 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      WATER             1.0000         1.0000         1.0000        0.86018E-02 
 
 BLOCK:  E-210    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          25       
   OUTLET STREAM:         26       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
412
                       ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            98006.2         98006.2         0.00000     
       MASS(KG/HR   )           0.178844E+07    0.178844E+07     0.00000     
       ENTHALPY(CAL/SEC )      -0.185885E+10   -0.181415E+10   -0.240444E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             5457.57      KG/HR            
    PRODUCT STREAMS CO2E          5457.57      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        98.0000      
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    98.000     
   OUTLET PRESSURE       BAR                                  4.3570     
   HEAT DUTY             CAL/SEC                             0.44695E+08 
   OUTLET VAPOR FRACTION                                     0.11095E-02 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.15693E-02    0.15665E-02    0.40345E-02     2.5754     
      OXYGE-01         0.11441E-05    0.62209E-07    0.97512E-03     15675.     
      CARBO-01         0.12653E-02    0.54374E-03    0.65087         1197.0     
      WATER            0.99114        0.99200        0.21462        0.21635     
      ETHYL-01         0.58251E-02    0.56883E-02    0.12892         22.664     
      ACETA-01         0.12554E-03    0.12517E-03    0.45729E-03     3.6532     
      METHA-01         0.74825E-04    0.74774E-04    0.12071E-03     1.6143     
 
 BLOCK:  E-301    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          27       
   OUTLET STREAM:         33       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            97259.1         97259.1         0.00000     
       MASS(KG/HR   )           0.175676E+07    0.175676E+07    0.265069E-15 
       ENTHALPY(CAL/SEC )      -0.178031E+10   -0.180393E+10    0.130925E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
413
                           ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                       104.444       
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    104.44     
   OUTLET PRESSURE       BAR                                  4.0530     
   HEAT DUTY             CAL/SEC                            -0.23618E+08 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.15292E-02    0.15292E-02    0.18356E-01     3.5748     
      WATER            0.99826        0.99826        0.97922        0.29213     
      ETHYL-01         0.80595E-05    0.80595E-05    0.77941E-03     28.800     
      ACETA-01         0.12424E-03    0.12424E-03    0.10994E-02     2.6352     
      METHA-01         0.73945E-04    0.73945E-04    0.54457E-03     2.1932     
 
 BLOCK:  E-304    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          36       
   OUTLET STREAM:         37       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            187.411         187.411         0.00000     
       MASS(KG/HR   )            7350.00         7350.00         0.00000     
       ENTHALPY(CAL/SEC )      -0.333949E+07   -0.278722E+07   -0.165377     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                       148.889       
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    148.89     
   OUTLET PRESSURE       BAR                                  5.1909     
   HEAT DUTY             CAL/SEC                             0.55227E+06 
   OUTLET VAPOR FRACTION                                      1.0000     
 
414
  
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.69922        0.47366        0.69922         2.6283     
      WATER            0.22987        0.43147        0.22987        0.95038     
      ETHYL-01         0.41826E-02    0.90517E-03    0.41826E-02     8.7199     
      ACETA-01         0.45177E-01    0.76999E-01    0.45177E-01    0.87605     
      METHA-01         0.21553E-01    0.16965E-01    0.21553E-01     2.3291     
 
 BLOCK:  E-309-A  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          46       
   OUTLET STREAM:         49       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            32371.7         32371.7         0.00000     
       MASS(KG/HR   )            583411.         583411.         0.00000     
       ENTHALPY(CAL/SEC )      -0.599226E+09   -0.609958E+09    0.175949E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        48.8889      
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    48.889     
   OUTLET PRESSURE       BAR                                  2.2292     
   HEAT DUTY             CAL/SEC                            -0.10732E+08 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.19563E-03    0.19563E-03    0.24096E-02    0.65166     
      WATER            0.99973        0.99973        0.99066        0.52428E-01 
      ETHYL-01         0.80715E-07    0.80715E-07    0.19380E-04     12.704     
      ACETA-01         0.38118E-04    0.38118E-04    0.66205E-02     9.1893     
      METHA-01         0.32878E-04    0.32878E-04    0.28648E-03    0.46102     
 
 BLOCK:  E-309-B  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          49       
   OUTLET STREAM:         52       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
415
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            32371.7         32371.7         0.00000     
       MASS(KG/HR   )            583411.         583411.         0.00000     
       ENTHALPY(CAL/SEC )      -0.609958E+09   -0.617065E+09    0.115161E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                         4.44444     
   PRESSURE DROP                        BAR                       0.0         
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    4.4444     
   OUTLET PRESSURE       BAR                                  2.2292     
   HEAT DUTY             CAL/SEC                            -0.71062E+07 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.19563E-03    0.19563E-03    0.19695E-02    0.38217E-01 
      WATER            0.99973        0.99973        0.99039        0.37607E-02 
      ETHYL-01         0.80715E-07    0.80715E-07    0.53645E-04     2.5231     
      ACETA-01         0.38118E-04    0.38118E-04    0.72751E-02    0.72454     
      METHA-01         0.32878E-04    0.32878E-04    0.31480E-03    0.36349E-01 
 
 BLOCK:  E-310-A  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          47       
   OUTLET STREAM:         50       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            32371.7         32371.7         0.00000     
       MASS(KG/HR   )            583411.         583411.         0.00000     
       ENTHALPY(CAL/SEC )      -0.599348E+09   -0.609958E+09    0.173956E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
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                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        48.8889      
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    48.889     
   OUTLET PRESSURE       BAR                                  1.9252     
   HEAT DUTY             CAL/SEC                            -0.10611E+08 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.19563E-03    0.19563E-03    0.24096E-02    0.75456     
      WATER            0.99973        0.99973        0.99066        0.60706E-01 
      ETHYL-01         0.80715E-07    0.80715E-07    0.19380E-04     14.709     
      ACETA-01         0.38118E-04    0.38118E-04    0.66205E-02     10.640     
      METHA-01         0.32878E-04    0.32878E-04    0.28648E-03    0.53381     
 
 BLOCK:  E-310-B  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          50       
   OUTLET STREAM:         53       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            32371.7         32371.7         0.00000     
       MASS(KG/HR   )            583411.         583411.         0.00000     
       ENTHALPY(CAL/SEC )      -0.609958E+09   -0.617065E+09    0.115161E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                         4.44444     
   PRESSURE DROP                        BAR                       0.0         
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    4.4444     
   OUTLET PRESSURE       BAR                                  1.9252     
   HEAT DUTY             CAL/SEC                            -0.71062E+07 
   OUTLET VAPOR FRACTION                                      0.0000     
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    V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.19563E-03    0.19563E-03    0.19695E-02    0.44252E-01 
      WATER            0.99973        0.99973        0.99039        0.43545E-02 
      ETHYL-01         0.80715E-07    0.80715E-07    0.53645E-04     2.9215     
      ACETA-01         0.38118E-04    0.38118E-04    0.72751E-02    0.83894     
      METHA-01         0.32878E-04    0.32878E-04    0.31480E-03    0.42088E-01 
 
 BLOCK:  E-311-A  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          48       
   OUTLET STREAM:         51       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            32371.7         32371.7         0.00000     
       MASS(KG/HR   )            583411.         583411.         0.00000     
       ENTHALPY(CAL/SEC )      -0.599226E+09   -0.609958E+09    0.175949E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        48.8889      
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    48.889     
   OUTLET PRESSURE       BAR                                  2.2292     
   HEAT DUTY             CAL/SEC                            -0.10732E+08 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.19563E-03    0.19563E-03    0.24096E-02    0.65166     
      WATER            0.99973        0.99973        0.99066        0.52428E-01 
      ETHYL-01         0.80715E-07    0.80715E-07    0.19380E-04     12.704     
      ACETA-01         0.38118E-04    0.38118E-04    0.66205E-02     9.1893     
      METHA-01         0.32878E-04    0.32878E-04    0.28648E-03    0.46102     
 
 BLOCK:  E-311-B  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          51       
   OUTLET STREAM:         54       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
418
                       ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            32371.7         32371.7         0.00000     
       MASS(KG/HR   )            583411.         583411.         0.00000     
       ENTHALPY(CAL/SEC )      -0.609958E+09   -0.617065E+09    0.115161E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                         4.44444     
   PRESSURE DROP                        BAR                       0.0         
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    4.4444     
   OUTLET PRESSURE       BAR                                  2.2292     
   HEAT DUTY             CAL/SEC                            -0.71062E+07 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.19563E-03    0.19563E-03    0.19695E-02    0.38217E-01 
      WATER            0.99973        0.99973        0.99039        0.37607E-02 
      ETHYL-01         0.80715E-07    0.80715E-07    0.53645E-04     2.5231     
      ACETA-01         0.38118E-04    0.38118E-04    0.72751E-02    0.72454     
      METHA-01         0.32878E-04    0.32878E-04    0.31480E-03    0.36349E-01 
 
 BLOCK:  E-504    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          66       
   OUTLET STREAM:         73       
   OUTLET HEAT STREAM:    Q-614    
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            2661.02         2661.02         0.00000     
       MASS(KG/HR   )            48401.8         48401.8       -0.300648E-15 
       ENTHALPY(CAL/SEC )      -0.424248E+08   -0.424248E+08    0.351237E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             417.531      KG/HR            
    PRODUCT STREAMS CO2E          417.531      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
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                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        32.2222      
   PRESSURE DROP                        BAR                       0.0         
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    32.222     
   OUTLET PRESSURE       BAR                                 0.64341     
   HEAT DUTY             CAL/SEC                            -0.80287E+07 
   OUTLET VAPOR FRACTION                                     0.35289E-02 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.14607E-02    0.14614E-02    0.12797E-02    0.87568     
      OXYGE-01         0.78679E-07    0.29503E-09    0.22212E-04     75288.     
      CARBO-01         0.35653E-02    0.30948E-03    0.92291         2982.2     
      WATER            0.99401        0.99727        0.74723E-01    0.74927E-01 
      ACETA-01         0.72851E-04    0.69434E-04    0.10380E-02     14.949     
      ETHYL-02         0.84796E-03    0.85096E-03    0.23451E-06    0.27558E-03 
      DIETH-01         0.46406E-05    0.46571E-05    0.17945E-10    0.38533E-05 
      TRIET-01         0.33936E-06    0.34056E-06    0.16020E-11    0.47041E-05 
      METHA-01         0.36351E-04    0.36392E-04    0.24782E-04    0.68098     
 
 BLOCK:  E-505    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          68       
   OUTLET STREAM:         74       
   OUTLET HEAT STREAM:    Q-615    
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            3034.19         3034.19         0.00000     
       MASS(KG/HR   )            54845.7         54845.7         0.00000     
       ENTHALPY(CAL/SEC )      -0.483213E+08   -0.483213E+08   -0.154188E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.232882      KG/HR            
    PRODUCT STREAMS CO2E         0.232882      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        32.2222      
   PRESSURE DROP                        BAR                       0.0         
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    32.222     
420
   OUTLET PRESSURE       BAR                                 0.48636     
   HEAT DUTY             CAL/SEC                            -0.91441E+07 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.32814E-03    0.32814E-03    0.35974E-02     1.1667     
      OXYGE-01         0.26317E-11    0.26317E-11    0.24852E-05    0.10050E+06 
      CARBO-01         0.17440E-05    0.17440E-05    0.65130E-01     3974.6     
      WATER            0.99850        0.99850        0.92995        0.99121E-01 
      ACETA-01         0.65108E-05    0.65108E-05    0.12198E-02     19.940     
      ETHYL-02         0.11463E-02    0.11463E-02    0.39559E-05    0.36727E-03 
      DIETH-01         0.56186E-05    0.56186E-05    0.27830E-09    0.52716E-05 
      TRIET-01         0.29780E-06    0.29780E-06    0.17661E-10    0.63115E-05 
      METHA-01         0.11625E-04    0.11625E-04    0.98966E-04    0.90608     
 
 BLOCK:  E-506    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          70       
   OUTLET STREAM:         75       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            3372.45         3372.45         0.00000     
       MASS(KG/HR   )            61126.4         61126.4       -0.238063E-15 
       ENTHALPY(CAL/SEC )      -0.537998E+08   -0.639228E+08    0.158364     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.679042E-04  KG/HR            
    PRODUCT STREAMS CO2E         0.679042E-04  KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        32.2222      
   PRESSURE DROP                        BAR                       0.0         
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    32.222     
   OUTLET PRESSURE       BAR                                 0.33944     
   HEAT DUTY             CAL/SEC                            -0.10123E+08 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.50004E-04    0.50004E-04    0.58667E-03     1.6633     
      CARBO-01         0.45751E-09    0.45751E-09    0.18336E-04     5681.7     
      WATER            0.99750        0.99750        0.99931        0.14202     
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      ACETA-01         0.26647E-06    0.26647E-06    0.53402E-04     28.411     
      ETHYL-02         0.24397E-02    0.24397E-02    0.90796E-05    0.52760E-03 
      DIETH-01         0.11335E-04    0.11335E-04    0.61461E-09    0.76872E-05 
      TRIET-01         0.21203E-06    0.21203E-06    0.13442E-10    0.89876E-05 
      METHA-01         0.25082E-05    0.25082E-05    0.22914E-04     1.2951     
 
 BLOCK:  E-511    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          71       
   OUTLET STREAM:         72       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            2934.55         2934.55         0.00000     
       MASS(KG/HR   )            76139.1         76139.1         0.00000     
       ENTHALPY(CAL/SEC )      -0.608524E+08   -0.508446E+08   -0.164460     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.816885E-08  KG/HR            
    PRODUCT STREAMS CO2E         0.816885E-08  KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                       200.000       
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    200.00     
   OUTLET PRESSURE       BAR                                  1.3172     
   HEAT DUTY             CAL/SEC                             0.10008E+08 
   OUTLET VAPOR FRACTION                                      1.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.47670E-05    0.52243E-06    0.47670E-05     24.066     
      CARBO-01         0.63251E-13    0.50263E-16    0.63251E-13     3319.4     
      WATER            0.83108        0.18484        0.83108         11.860     
      ACETA-01         0.55322E-08    0.27770E-08    0.55322E-08     5.2539     
      ETHYL-02         0.15968        0.52938        0.15968        0.79573     
      DIETH-01         0.73865E-02    0.14889        0.73865E-02    0.13093     
      TRIET-01         0.18557E-02    0.13689        0.18557E-02    0.35707E-01 
      METHA-01         0.29954E-06    0.44350E-07    0.29954E-06     17.817     
 
 BLOCK:  E-603    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          87       
   OUTLET STREAM:         88       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
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                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            449.730         449.730         0.00000     
       MASS(KG/HR   )            27925.0         27925.0         0.00000     
       ENTHALPY(CAL/SEC )      -0.128307E+08   -0.136504E+08    0.600501E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        32.2222      
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    32.222     
   OUTLET PRESSURE       BAR                                  1.0132     
   HEAT DUTY             CAL/SEC                            -0.81971E+06 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.11100E-12    0.11100E-12    0.50864E-10    0.10134     
      WATER            0.16873E-04    0.16873E-04    0.31690E-02    0.41536E-01 
      ETHYL-02         0.99941        0.99941        0.98582        0.21816E-03 
      DIETH-01         0.57097E-03    0.57097E-03    0.11008E-01    0.42639E-02 
      TRIET-01         0.53759E-11    0.53759E-11    0.47346E-14    0.19478E-06 
      METHA-01         0.69042E-13    0.69042E-13    0.33185E-10    0.10630     
 
 BLOCK:  E-604    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          86       
   OUTLET STREAM:         89       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            41.3423         41.3423         0.00000     
       MASS(KG/HR   )            3989.07         3989.07       -0.227997E-15 
       ENTHALPY(CAL/SEC )      -0.148112E+07   -0.164441E+07    0.992997E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
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   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        32.2222      
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    32.222     
   OUTLET PRESSURE       BAR                                  1.0132     
   HEAT DUTY             CAL/SEC                            -0.16329E+06 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHYL-02         0.35038        0.35038        0.91079        0.90322E-04 
      DIETH-01         0.51790        0.51790        0.88882E-01    0.59633E-05 
      TRIET-01         0.13172        0.13172        0.32636E-03    0.86091E-07 
 
 BLOCK:  EO-MIX   MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         22          23          24       
   OUTLET STREAM:         25       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            98006.2         98006.2         0.00000     
       MASS(KG/HR   )           0.178844E+07    0.178844E+07    0.130187E-15 
       ENTHALPY(CAL/SEC )      -0.185885E+10   -0.185885E+10    0.582692E-12 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             5457.57      KG/HR            
    PRODUCT STREAMS CO2E          5457.57      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   PRESSURE DROP   BAR                                      0.30398     
 
 BLOCK:  EO-SPLIT MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          16       
   OUTLET STREAMS:        19          20          21       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            98006.2         98006.2       -0.148479E-15 
       MASS(KG/HR   )           0.178844E+07    0.178844E+07   -0.130187E-15 
       ENTHALPY(CAL/SEC )      -0.185891E+10   -0.185891E+10    0.128257E-15 
424
                       ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             5457.57      KG/HR            
    PRODUCT STREAMS CO2E          5457.57      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
  PRESSURE DROP   BAR                                      0.30398     
 
  FRACTION OF FLOW                 STRM=19       FRAC=         0.33333     
                                   STRM=20       FRAC=         0.33333     
 
                           ***  RESULTS  *** 
 
  STREAM= 19             SPLIT=          0.33333     KEY=  0    STREAM-ORDER=   1 
          20                             0.33333           0                    2 
          21                             0.33333           0                    3 
 
 BLOCK:  ETH-SPLT MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          39       
   OUTLET STREAMS:        41          40       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            143.823         143.823         0.00000     
       MASS(KG/HR   )            6525.00         6525.00         0.00000     
       ENTHALPY(CAL/SEC )      -0.210173E+07   -0.210173E+07     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
  PRESSURE DROP   BAR                                      0.30398     
 
  REMAINING FRACTION               STRM=41       FRAC=         0.030000    
 
                           ***  RESULTS  *** 
 
  STREAM= 41             SPLIT=          0.030000    KEY=  0    STREAM-ORDER=   1 
          40                             0.97000           0                    2 
 
 BLOCK:  F-501    MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          64       
   OUTLET VAPOR STREAM:   66       
   OUTLET LIQUID STREAM:  65       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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    TOTAL BALANCE 
       MOLE(KMOL/HR )            12002.2         12002.2        0.151555E-15 
       MASS(KG/HR   )            240513.         240513.        0.121007E-15 
       ENTHALPY(CAL/SEC )      -0.226972E+09   -0.222572E+09   -0.193857E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             417.764      KG/HR            
    PRODUCT STREAMS CO2E          417.764      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   SPECIFIED PRESSURE    BAR                                 0.64341     
   SPECIFIED HEAT DUTY   CAL/SEC                     4,400,000.          
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    89.081     
   OUTLET PRESSURE       BAR                                 0.64341     
   VAPOR FRACTION                                            0.22171     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.42203E-03    0.12614E-03    0.14607E-02     11.580     
      OXYGE-01         0.17445E-07    0.85484E-12    0.78679E-07     92040.     
      CARBO-01         0.79090E-03    0.56665E-06    0.35653E-02     6291.9     
      WATER            0.95629        0.94554        0.99401         1.0513     
      ACETA-01         0.17874E-04    0.22128E-05    0.72851E-04     32.923     
      ETHYL-02         0.40204E-01    0.51416E-01    0.84796E-03    0.16492E-01 
      DIETH-01         0.18117E-02    0.23264E-02    0.46406E-05    0.19948E-02 
      TRIET-01         0.45393E-03    0.58314E-03    0.33936E-06    0.58195E-03 
      METHA-01         0.11776E-04    0.47755E-05    0.36351E-04     7.6119     
 
 BLOCK:  F-502    MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          65       
   INLET HEAT STREAM:     Q-614    
   OUTLET VAPOR STREAM:   68       
   OUTLET LIQUID STREAM:  67       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            9341.19         9341.19         0.00000     
       MASS(KG/HR   )            192111.         192111.        0.151495E-15 
       ENTHALPY(CAL/SEC )      -0.172118E+09   -0.172118E+09   -0.685708E-10 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.232950      KG/HR            
    PRODUCT STREAMS CO2E         0.232950      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
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   TWO    PHASE  PQ  FLASH 
   SPECIFIED PRESSURE    BAR                                 0.48636     
   DUTY FROM INLET HEAT STREAM(S)  CAL/SEC           8,028,710.          
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    82.734     
   OUTLET PRESSURE       BAR                                 0.48636     
   VAPOR FRACTION                                            0.32482     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.12614E-03    0.28956E-04    0.32814E-03     11.333     
      OXYGE-01         0.85484E-12    0.23283E-16    0.26317E-11    0.11303E+06 
      CARBO-01         0.56665E-06    0.24467E-09    0.17440E-05     7128.0     
      WATER            0.94554        0.92006        0.99850         1.0853     
      ACETA-01         0.22128E-05    0.14506E-06    0.65108E-05     44.883     
      ETHYL-02         0.51416E-01    0.75600E-01    0.11463E-02    0.15163E-01 
      DIETH-01         0.23264E-02    0.34429E-02    0.56186E-05    0.16319E-02 
      TRIET-01         0.58314E-03    0.86354E-03    0.29780E-06    0.34486E-03 
      METHA-01         0.47755E-05    0.14806E-05    0.11625E-04     7.8515     
 
 BLOCK:  F-503    MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          67       
   INLET HEAT STREAM:     Q-615    
   OUTLET VAPOR STREAM:   70       
   OUTLET LIQUID STREAM:  69       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            6307.00         6307.00         0.00000     
       MASS(KG/HR   )            137265.         137265.       -0.212026E-15 
       ENTHALPY(CAL/SEC )      -0.114653E+09   -0.114653E+09    0.173684E-09 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.679123E-04  KG/HR            
    PRODUCT STREAMS CO2E         0.679123E-04  KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   SPECIFIED PRESSURE    BAR                                 0.33944     
   DUTY FROM INLET HEAT STREAM(S)  CAL/SEC           9,144,050.          
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    76.452     
   OUTLET PRESSURE       BAR                                 0.33944     
   VAPOR FRACTION                                            0.53472     
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   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.28956E-04    0.47670E-05    0.50004E-04     10.489     
      CARBO-01         0.24467E-09    0.63251E-13    0.45751E-09     7233.2     
      WATER            0.92006        0.83108        0.99750         1.2002     
      ACETA-01         0.14506E-06    0.55322E-08    0.26647E-06     48.167     
      ETHYL-02         0.75600E-01    0.15968        0.24397E-02    0.15279E-01 
      DIETH-01         0.34429E-02    0.73865E-02    0.11335E-04    0.15345E-02 
      TRIET-01         0.86354E-03    0.18557E-02    0.21203E-06    0.11426E-03 
      METHA-01         0.14806E-05    0.29954E-06    0.25082E-05     8.3737     
 
 BLOCK:  GAS-SPLT MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          30       
   OUTLET STREAMS:        31          32       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            14409.1         14409.1         0.00000     
       MASS(KG/HR   )            625932.         625932.         0.00000     
       ENTHALPY(CAL/SEC )      -0.362030E+09   -0.362030E+09    0.164640E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             608707.      KG/HR            
    PRODUCT STREAMS CO2E          608707.      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
  PRESSURE DROP   BAR                                      0.30398     
 
  REMAINING FRACTION               STRM=32       FRAC=         0.0100000   
 
                           ***  RESULTS  *** 
 
  STREAM= 31             SPLIT=          0.99000     KEY=  0    STREAM-ORDER=   2 
          32                             0.0100000         0                    1 
 
 BLOCK:  GR-MIX   MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         18          29       
   OUTLET STREAM:         30       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            14409.1         14409.1         0.00000     
       MASS(KG/HR   )            625932.         625932.       -0.185987E-15 
       ENTHALPY(CAL/SEC )      -0.362030E+09   -0.362030E+09    0.329281E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             608707.      KG/HR            
    PRODUCT STREAMS CO2E          608707.      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
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    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   PRESSURE DROP   BAR                                      0.30398     
 
 BLOCK:  MIX1     MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         3           5           7        
   OUTLET STREAM:         8        
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            15371.3         15371.3         0.00000     
       MASS(KG/HR   )            668100.         668100.         0.00000     
       ENTHALPY(CAL/SEC )      -0.371811E+09   -0.371811E+09   -0.160309E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             607500.      KG/HR            
    PRODUCT STREAMS CO2E          607500.      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   PRESSURE DROP   BAR                                      0.30398     
 
 BLOCK:  MIX4     MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         59          61       
   OUTLET STREAM:         62       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            12544.6         12544.6         0.00000     
       MASS(KG/HR   )            240513.         240513.        0.242015E-15 
       ENTHALPY(CAL/SEC )      -0.230501E+09   -0.230501E+09   -0.258587E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             417.764      KG/HR            
    PRODUCT STREAMS CO2E          417.764      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   PRESSURE DROP   BAR                                      0.30398     
 
 BLOCK:  MIXER7   MODEL: MIXER            
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 ----------------------------- 
   INLET STREAMS:         77          78          79          80       
   OUTLET STREAM:         81       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            11511.1         11511.1         0.00000     
       MASS(KG/HR   )            208599.         208599.        0.279041E-15 
       ENTHALPY(CAL/SEC )      -0.217228E+09   -0.217228E+09    0.602282E-13 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             417.764      KG/HR            
    PRODUCT STREAMS CO2E          417.764      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   PRESSURE DROP   BAR                                      0.30398     
 
 BLOCK:  P-101    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          1        
   OUTLET STREAM:         2        
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            803.421         803.421         0.00000     
       MASS(KG/HR   )            36150.0         36150.0         0.00000     
       ENTHALPY(CAL/SEC )      -0.147908E+08   -0.147905E+08   -0.230772E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    1.92518     
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                           752.213       
    PRESSURE CHANGE  BAR                                    0.91192     
    NPSH AVAILABLE   M-KGF/KG                              11.8803      
    FLUID POWER  KW                                         1.14327     
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    BRAKE POWER  KW                                         1.42909     
    ELECTRICITY  KW                                         1.50430     
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                   1.50430     
    HEAD DEVELOPED M-KGF/KG                                11.6097      
 
 BLOCK:  P-203    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          13       
   OUTLET STREAM:         14       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            96584.7         96584.7         0.00000     
       MASS(KG/HR   )           0.174000E+07    0.174000E+07     0.00000     
       ENTHALPY(CAL/SEC )      -0.182797E+10   -0.182796E+10   -0.243133E-05 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    1.31723     
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                        29,383.1         
    PRESSURE CHANGE  BAR                                    0.30398     
    NPSH AVAILABLE   M-KGF/KG                               9.97067     
    FLUID POWER  KW                                        14.8862      
    BRAKE POWER  KW                                        18.6077      
    ELECTRICITY  KW                                        19.5871      
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                  19.5871      
    HEAD DEVELOPED M-KGF/KG                                 3.14063     
 
 BLOCK:  P-207    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          19       
   OUTLET STREAM:         22       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            32668.7         32668.7         0.00000     
       MASS(KG/HR   )            596146.         596146.       -0.195280E-15 
       ENTHALPY(CAL/SEC )      -0.619638E+09   -0.619611E+09   -0.429804E-04 
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                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             1819.19      KG/HR            
    PRODUCT STREAMS CO2E          1819.19      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    4.96493     
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                        13,544.1         
    PRESSURE CHANGE  BAR                                    3.95167     
    NPSH AVAILABLE   M-KGF/KG                              -3.03406     
    FLUID POWER  KW                                        89.2033      
    BRAKE POWER  KW                                       111.504       
    ELECTRICITY  KW                                       117.373       
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                 117.373       
    HEAD DEVELOPED M-KGF/KG                                54.9301      
    NEGATIVE NPSH MAY BE DUE TO VAPOR IN THE FEED OR UNACCOUNTED SUCTION HEAD. 
 
 BLOCK:  P-208    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          20       
   OUTLET STREAM:         23       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            32668.7         32668.7         0.00000     
       MASS(KG/HR   )            596146.         596146.       -0.195280E-15 
       ENTHALPY(CAL/SEC )      -0.619638E+09   -0.619618E+09   -0.312912E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             1819.19      KG/HR            
    PRODUCT STREAMS CO2E          1819.19      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    4.96493     
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                         9,860.58        
432
    PRESSURE CHANGE  BAR                                    3.95167     
    NPSH AVAILABLE   M-KGF/KG                              -3.03406     
    FLUID POWER  KW                                        64.9430      
    BRAKE POWER  KW                                        81.1788      
    ELECTRICITY  KW                                        85.4513      
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                  85.4513      
    HEAD DEVELOPED M-KGF/KG                                39.9910      
    NEGATIVE NPSH MAY BE DUE TO VAPOR IN THE FEED OR UNACCOUNTED SUCTION HEAD. 
 
 BLOCK:  P-209    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          21       
   OUTLET STREAM:         24       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            32668.7         32668.7         0.00000     
       MASS(KG/HR   )            596146.         596146.       -0.390560E-15 
       ENTHALPY(CAL/SEC )      -0.619638E+09   -0.619618E+09   -0.312912E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             1819.19      KG/HR            
    PRODUCT STREAMS CO2E          1819.19      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    4.96493     
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                         9,860.58        
    PRESSURE CHANGE  BAR                                    3.95167     
    NPSH AVAILABLE   M-KGF/KG                              -3.03406     
    FLUID POWER  KW                                        64.9430      
    BRAKE POWER  KW                                        81.1788      
    ELECTRICITY  KW                                        85.4513      
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                  85.4513      
    HEAD DEVELOPED M-KGF/KG                                39.9910      
    NEGATIVE NPSH MAY BE DUE TO VAPOR IN THE FEED OR UNACCOUNTED SUCTION HEAD. 
 
 BLOCK:  P-303    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          35       
   OUTLET STREAM:         36       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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    TOTAL BALANCE 
       MOLE(KMOL/HR )            187.411         187.411         0.00000     
       MASS(KG/HR   )            7350.00         7350.00         0.00000     
       ENTHALPY(CAL/SEC )      -0.333985E+07   -0.333949E+07   -0.107942E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    5.49484     
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                           161.663       
    PRESSURE CHANGE  BAR                                    4.48159     
    NPSH AVAILABLE   M-KGF/KG                               0.0         
    FLUID POWER  KW                                         1.20751     
    BRAKE POWER  KW                                         1.50939     
    ELECTRICITY  KW                                         1.58883     
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                   1.58883     
    HEAD DEVELOPED M-KGF/KG                                60.3095      
 
 BLOCK:  P-306    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          43       
   OUTLET STREAM:         46       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            32371.7         32371.7         0.00000     
       MASS(KG/HR   )            583411.         583411.        0.199543E-15 
       ENTHALPY(CAL/SEC )      -0.599955E+09   -0.599226E+09   -0.121545E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    2.53312     
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
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    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                       803,512.          
    PRESSURE CHANGE  BAR                                    1.82385     
    NPSH AVAILABLE   M-KGF/KG                              -0.010578    
    FLUID POWER  KW                                     2,442.47        
    BRAKE POWER  KW                                     3,053.09        
    ELECTRICITY  KW                                     3,213.78        
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                               3,213.78        
    HEAD DEVELOPED M-KGF/KG                             1,536.87        
    NEGATIVE NPSH MAY BE DUE TO VAPOR IN THE FEED OR UNACCOUNTED SUCTION HEAD. 
 
 BLOCK:  P-307    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          44       
   OUTLET STREAM:         47       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            32371.7         32371.7         0.00000     
       MASS(KG/HR   )            583411.         583411.        0.199543E-15 
       ENTHALPY(CAL/SEC )      -0.599955E+09   -0.599348E+09   -0.101288E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    2.22915     
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                       803,512.          
    PRESSURE CHANGE  BAR                                    1.51988     
    NPSH AVAILABLE   M-KGF/KG                              -0.010578    
    FLUID POWER  KW                                     2,035.40        
    BRAKE POWER  KW                                     2,544.24        
    ELECTRICITY  KW                                     2,678.15        
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                               2,678.15        
    HEAD DEVELOPED M-KGF/KG                             1,280.73        
    NEGATIVE NPSH MAY BE DUE TO VAPOR IN THE FEED OR UNACCOUNTED SUCTION HEAD. 
 
 BLOCK:  P-308    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          45       
   OUTLET STREAM:         48       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
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                       ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            32371.7         32371.7         0.00000     
       MASS(KG/HR   )            583411.         583411.       -0.399085E-15 
       ENTHALPY(CAL/SEC )      -0.599955E+09   -0.599226E+09   -0.121545E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    2.53312     
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                       803,512.          
    PRESSURE CHANGE  BAR                                    1.82385     
    NPSH AVAILABLE   M-KGF/KG                              -0.010578    
    FLUID POWER  KW                                     2,442.47        
    BRAKE POWER  KW                                     3,053.09        
    ELECTRICITY  KW                                     3,213.78        
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                               3,213.78        
    HEAD DEVELOPED M-KGF/KG                             1,536.87        
    NEGATIVE NPSH MAY BE DUE TO VAPOR IN THE FEED OR UNACCOUNTED SUCTION HEAD. 
 
 BLOCK:  P-401    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          28       
   OUTLET STREAM:         59       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            604.585         604.585         0.00000     
       MASS(KG/HR   )            25410.5         25410.5        0.286337E-15 
       ENTHALPY(CAL/SEC )      -0.411779E+07   -0.411614E+07   -0.401115E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             417.764      KG/HR            
    PRODUCT STREAMS CO2E          417.764      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                   11.1458      
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
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    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                           467.996       
    PRESSURE CHANGE  BAR                                    7.09275     
    NPSH AVAILABLE   M-KGF/KG                               0.0         
    FLUID POWER  KW                                         5.53230     
    BRAKE POWER  KW                                         6.91537     
    ELECTRICITY  KW                                         7.27934     
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                   7.27934     
    HEAD DEVELOPED M-KGF/KG                                79.9235      
 
 BLOCK:  P-402    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          60       
   OUTLET STREAM:         61       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            11940.0         11940.0         0.00000     
       MASS(KG/HR   )            215102.         215102.         0.00000     
       ENTHALPY(CAL/SEC )      -0.226403E+09   -0.226385E+09   -0.803226E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                   11.1458      
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                         3,606.84        
    PRESSURE CHANGE  BAR                                   10.1325      
    NPSH AVAILABLE   M-KGF/KG                              10.0698      
    FLUID POWER  KW                                        60.9105      
    BRAKE POWER  KW                                        76.1381      
    ELECTRICITY  KW                                        80.1453      
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                  80.1453      
    HEAD DEVELOPED M-KGF/KG                               103.951       
 
 BLOCK:  P-507    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          73       
   OUTLET STREAM:         77       
437
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            2661.02         2661.02         0.00000     
       MASS(KG/HR   )            48401.8         48401.8         0.00000     
       ENTHALPY(CAL/SEC )      -0.504536E+08   -0.504149E+08   -0.765599E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             417.531      KG/HR            
    PRODUCT STREAMS CO2E          417.531      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                   11.7537      
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                         6,987.01        
    PRESSURE CHANGE  BAR                                   11.1103      
    NPSH AVAILABLE   M-KGF/KG                             -64.1685      
    FLUID POWER  KW                                       129.379       
    BRAKE POWER  KW                                       161.724       
    ELECTRICITY  KW                                       170.236       
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                 170.236       
    HEAD DEVELOPED M-KGF/KG                               981.264       
    NEGATIVE NPSH MAY BE DUE TO VAPOR IN THE FEED OR UNACCOUNTED SUCTION HEAD. 
 
 BLOCK:  P-508    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          74       
   OUTLET STREAM:         78       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            3034.19         3034.19         0.00000     
       MASS(KG/HR   )            54845.7         54845.7         0.00000     
       ENTHALPY(CAL/SEC )      -0.574653E+08   -0.574601E+08   -0.903403E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.232882      KG/HR            
    PRODUCT STREAMS CO2E         0.232882      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                   11.7537      
    PUMP EFFICIENCY                                         0.80000     
438
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                           925.954       
    PRESSURE CHANGE  BAR                                   11.2673      
    NPSH AVAILABLE   M-KGF/KG                               4.48916     
    FLUID POWER  KW                                        17.3884      
    BRAKE POWER  KW                                        21.7355      
    ELECTRICITY  KW                                        22.8795      
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                  22.8795      
    HEAD DEVELOPED M-KGF/KG                               116.385       
 
 BLOCK:  P-509    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          75       
   OUTLET STREAM:         79       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            3372.45         3372.45         0.00000     
       MASS(KG/HR   )            61126.4         61126.4         0.00000     
       ENTHALPY(CAL/SEC )      -0.639228E+08   -0.639170E+08   -0.916333E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.679042E-04  KG/HR            
    PRODUCT STREAMS CO2E         0.679042E-04  KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                   11.7537      
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                         1,031.30        
    PRESSURE CHANGE  BAR                                   11.4143      
    NPSH AVAILABLE   M-KGF/KG                               3.00714     
    FLUID POWER  KW                                        19.6192      
    BRAKE POWER  KW                                        24.5240      
    ELECTRICITY  KW                                        25.8147      
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                  25.8147      
    HEAD DEVELOPED M-KGF/KG                               117.824       
 
 BLOCK:  P-510    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          69       
439
   OUTLET STREAM:         71       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            2934.55         2934.55         0.00000     
       MASS(KG/HR   )            76139.1         76139.1        0.382246E-15 
       ENTHALPY(CAL/SEC )      -0.608532E+08   -0.608524E+08   -0.134020E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.816885E-08  KG/HR            
    PRODUCT STREAMS CO2E         0.816885E-08  KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    1.62120     
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                         1,278.71        
    PRESSURE CHANGE  BAR                                    1.28176     
    NPSH AVAILABLE   M-KGF/KG                               0.0         
    FLUID POWER  KW                                         2.73166     
    BRAKE POWER  KW                                         3.41457     
    ELECTRICITY  KW                                         3.59429     
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                   3.59429     
    HEAD DEVELOPED M-KGF/KG                                13.1705      
 
 BLOCK:  P-513    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          76       
   OUTLET STREAM:         80       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            2443.48         2443.48         0.00000     
       MASS(KG/HR   )            44225.0         44225.0         0.00000     
       ENTHALPY(CAL/SEC )      -0.454398E+08   -0.454355E+08   -0.943464E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.816885E-08  KG/HR            
    PRODUCT STREAMS CO2E         0.816885E-08  KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                   11.7537      
    PUMP EFFICIENCY                                         0.80000     
440
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                           802.163       
    PRESSURE CHANGE  BAR                                   10.7405      
    NPSH AVAILABLE   M-KGF/KG                               0.0         
    FLUID POWER  KW                                        14.3593      
    BRAKE POWER  KW                                        17.9492      
    ELECTRICITY  KW                                        18.8938      
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                  18.8938      
    HEAD DEVELOPED M-KGF/KG                               119.192       
 
 BLOCK:  P-602    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          85       
   OUTLET STREAM:         87       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            449.730         449.730         0.00000     
       MASS(KG/HR   )            27925.0         27925.0         0.00000     
       ENTHALPY(CAL/SEC )      -0.128308E+08   -0.128307E+08   -0.814395E-05 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    1.31723     
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                           490.775       
    PRESSURE CHANGE  BAR                                    0.30398     
    NPSH AVAILABLE   M-KGF/KG                               0.0         
    FLUID POWER  KW                                         0.24864     
    BRAKE POWER  KW                                         0.43749     
    ELECTRICITY  KW                                         0.43749     
    PUMP EFFICIENCY USED                                    0.56833     
    NET WORK REQUIRED  KW                                   0.43749     
    HEAD DEVELOPED M-KGF/KG                                 3.26857     
 
 BLOCK:  PRGE-MIX MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         56          32          41       
441
   OUTLET STREAM:         58       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            5004.17         5004.17         0.00000     
       MASS(KG/HR   )            93966.7         93966.7       -0.309725E-15 
       ENTHALPY(CAL/SEC )      -0.962430E+08   -0.962430E+08    0.464485E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             6087.07      KG/HR            
    PRODUCT STREAMS CO2E          6087.07      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   PRESSURE DROP   BAR                                      0.30398     
 
 BLOCK:  R-105    MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          8        
   OUTLET STREAM:         9        
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(KMOL/HR )         15371.3       15688.1       316.827     -0.115947E-15 
   MASS(KG/HR   )         668100.       668100.                     0.00000     
   ENTHALPY(CAL/SEC )   -0.371811E+09 -0.369364E+09               -0.658235E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             607500.      KG/HR            
    PRODUCT STREAMS CO2E          609124.      KG/HR            
    NET STREAMS CO2E PRODUCTION   1624.49      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         1624.49      KG/HR            
 
                          ***  INPUT DATA  *** 
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     ETHAN-01  -1.00    OXYGE-01 -0.500    WATER      1.00    ETHYL-01   1.00     
 
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     ETHAN-01  -1.00    OXYGE-01 -0.500    WATER      1.00    ACETA-01   1.00     
 
    REACTION #   3: 
     SUBSTREAM MIXED   : 
     ETHAN-01  -1.00    OXYGE-01  -3.00    CARBO-01   2.00    WATER      3.00     
 
 
   REACTION CONVERSION SPECS: NUMBER=    3 
     REACTION #   1: 
442
     SUBSTREAM:MIXED    KEY COMP:ETHAN-01 CONV FRAC: 0.7600     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:ETHAN-01 CONV FRAC: 0.1600E-01 
     REACTION #   3: 
     SUBSTREAM:MIXED    KEY COMP:ETHAN-01 CONV FRAC: 0.2400E-01 
 
 
 
 
   ONE    PHASE  TP  FLASH   SPECIFIED PHASE IS  VAPOR   
   SPECIFIED TEMPERATURE C                                 200.000       
   SPECIFIED PRESSURE    BAR                                 1.01325     
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    200.00     
   OUTLET PRESSURE       BAR                                  1.0132     
   HEAT DUTY             CAL/SEC                             0.24474E+07 
 
 
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        KMOL/HR          
      1                  584.44     
      2                  12.304     
      3                  18.456     
 
 BLOCK:  R-403    MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          62       
   OUTLET STREAM:         63       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(KMOL/HR )         12544.6       12003.8      -540.748      0.145002E-15 
   MASS(KG/HR   )         240513.       240513.                    0.242015E-15 
   ENTHALPY(CAL/SEC )   -0.230501E+09 -0.225471E+09               -0.218230E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             417.764      KG/HR            
    PRODUCT STREAMS CO2E          417.764      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     WATER     -1.00    ETHYL-01  -1.00    ETHYL-02   1.00     
 
    REACTION #   2: 
     SUBSTREAM MIXED   : 
443
     ETHYL-01  -1.00    ETHYL-02  -1.00    DIETH-01   1.00     
 
    REACTION #   3: 
     SUBSTREAM MIXED   : 
     ETHYL-01  -1.00    DIETH-01  -1.00    TRIET-01   1.00     
 
 
   REACTION CONVERSION SPECS: NUMBER=    3 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:ETHYL-01 CONV FRAC: 0.9372     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:ETHYL-01 CONV FRAC: 0.4985E-01 
     REACTION #   3: 
     SUBSTREAM:MIXED    KEY COMP:ETHYL-01 CONV FRAC: 0.9970E-02 
 
 
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE C                                 150.000       
   SPECIFIED PRESSURE    BAR                                10.1325      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    150.00     
   OUTLET PRESSURE       BAR                                  10.133     
   HEAT DUTY             CAL/SEC                             0.50302E+07 
   VAPOR FRACTION                                             0.0000     
 
 
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        KMOL/HR          
      1                  508.30     
      2                  27.037     
      3                  5.4075     
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.42197E-03    0.42197E-03    0.19501E-02     4.2602     
      OXYGE-01         0.17442E-07    0.17442E-07    0.12630E-03     6675.1     
      CARBO-01         0.79079E-03    0.79079E-03    0.50744         591.52     
      WATER            0.95628        0.95628        0.48647        0.46894     
      ETHYL-01         0.13555E-03    0.13555E-03    0.31183E-02     21.207     
      ACETA-01         0.17872E-04    0.17872E-04    0.22301E-07    0.11503E-02 
      ETHYL-02         0.40093E-01    0.40093E-01    0.84745E-03    0.19485E-01 
      DIETH-01         0.18019E-02    0.18019E-02    0.12930E-04    0.66146E-02 
      TRIET-01         0.45048E-03    0.45048E-03    0.10079E-05    0.20625E-02 
      METHA-01         0.11774E-04    0.11774E-04    0.35279E-04     2.7620     
 
 BLOCK:  R-404    MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          63       
   OUTLET STREAM:         64       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
444
                       ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(KMOL/HR )         12003.8       12002.2      -1.62712     -0.151534E-15 
   MASS(KG/HR   )         240513.       240513.                   -0.605037E-15 
   ENTHALPY(CAL/SEC )   -0.225471E+09 -0.226972E+09                0.661383E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             417.764      KG/HR            
    PRODUCT STREAMS CO2E          417.764      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     WATER     -1.00    ETHYL-01  -1.00    ETHYL-02   1.00     
 
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     ETHYL-01  -1.00    ETHYL-02  -1.00    DIETH-01   1.00     
 
    REACTION #   3: 
     SUBSTREAM MIXED   : 
     ETHYL-01  -1.00    DIETH-01  -1.00    TRIET-01   1.00     
 
 
   REACTION CONVERSION SPECS: NUMBER=    3 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:ETHYL-01 CONV FRAC: 0.8800     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:ETHYL-01 CONV FRAC: 0.9500E-01 
     REACTION #   3: 
     SUBSTREAM:MIXED    KEY COMP:ETHYL-01 CONV FRAC: 0.2500E-01 
 
 
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE C                                 130.000       
   SPECIFIED PRESSURE    BAR                                10.1325      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    130.00     
   OUTLET PRESSURE       BAR                                  10.133     
   HEAT DUTY             CAL/SEC                            -0.15012E+07 
   VAPOR FRACTION                                             0.0000     
 
 
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        KMOL/HR          
445
      1                  1.4319     
      2                 0.15458     
      3                 0.40678E-01 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.42203E-03    0.42203E-03    0.16224E-02     2.6683     
      OXYGE-01         0.17445E-07    0.17445E-07    0.16209E-03     6449.2     
      CARBO-01         0.79090E-03    0.79090E-03    0.63095         553.72     
      WATER            0.95629        0.95629        0.36674        0.26619     
      ACETA-01         0.17874E-04    0.17874E-04    0.17558E-05    0.68180E-01 
      ETHYL-02         0.40204E-01    0.40204E-01    0.48537E-03    0.83794E-02 
      DIETH-01         0.18117E-02    0.18117E-02    0.56766E-05    0.21749E-02 
      TRIET-01         0.45393E-03    0.45393E-03    0.44791E-06    0.68489E-03 
      METHA-01         0.11776E-04    0.11776E-04    0.28399E-04     1.6739     
 
 BLOCK:  W1-MIX   MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         34          38       
   OUTLET STREAM:         42       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            97115.2         97115.2         0.00000     
       MASS(KG/HR   )           0.175023E+07    0.175023E+07   -0.133028E-15 
       ENTHALPY(CAL/SEC )      -0.179987E+10   -0.179987E+10     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   PRESSURE DROP   BAR                                      0.30398     
 
 BLOCK:  W1-SPLIT MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          55       
   OUTLET STREAMS:        57          56       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            97115.2         97115.2         0.00000     
       MASS(KG/HR   )           0.175023E+07    0.175023E+07     0.00000     
       ENTHALPY(CAL/SEC )      -0.185119E+10   -0.185119E+10     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
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    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
  PRESSURE DROP   BAR                                      0.30398     
 
  REMAINING FRACTION               STRM=56       FRAC=         0.050000    
 
                           ***  RESULTS  *** 
 
  STREAM= 57             SPLIT=          0.95000     KEY=  0    STREAM-ORDER=   2 
          56                             0.050000          0                    1 
 
 BLOCK:  W1P-MIX  MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         52          53          54       
   OUTLET STREAM:         55       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            97115.2         97115.2         0.00000     
       MASS(KG/HR   )           0.175023E+07    0.175023E+07   -0.266057E-15 
       ENTHALPY(CAL/SEC )      -0.185119E+10   -0.185119E+10    0.128792E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   PRESSURE DROP   BAR                                      0.30398     
 
 BLOCK:  W1P-SPLI MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          42       
   OUTLET STREAMS:        43          44          45       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            97115.2         97115.2       -0.149842E-15 
       MASS(KG/HR   )           0.175023E+07    0.175023E+07    0.133028E-15 
       ENTHALPY(CAL/SEC )      -0.179987E+10   -0.179987E+10    0.132465E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
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  PRESSURE DROP   BAR                                      0.30398     
 
  FRACTION OF FLOW                 STRM=43       FRAC=         0.33333     
                                   STRM=44       FRAC=         0.33333     
 
                           ***  RESULTS  *** 
 
  STREAM= 43             SPLIT=          0.33333     KEY=  0    STREAM-ORDER=   1 
          44                             0.33333           0                    2 
          45                             0.33333           0                    3 
 
 BLOCK:  W2-MIX   MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          81       
   OUTLET STREAMS:        82          83       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            11511.1         11511.1         0.00000     
       MASS(KG/HR   )            208599.         208599.         0.00000     
       ENTHALPY(CAL/SEC )      -0.217228E+09   -0.217228E+09    0.137194E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             417.764      KG/HR            
    PRODUCT STREAMS CO2E          417.764      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
  PRESSURE DROP   BAR                                      0.30398     
 
  REMAINING FRACTION               STRM=83       FRAC=         0.050000    
 
                           ***  RESULTS  *** 
 
  STREAM= 82             SPLIT=          0.95000     KEY=  0    STREAM-ORDER=   2 
          83                             0.050000          0                    1 
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Section 22.5.1.3: Full Aspen Simulation- Stream Report  
 
 1 10 11 12 13                            
 ------------- 
 
 STREAM ID               1          10         11         12         13       
 FROM :                  ----       C-201      E-202-A    E-202-B    ----     
 TO   :                  P-101      E-202-A    E-202-B    A-205      P-203    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     VAPOR      VAPOR      MIXED      LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01             768.9980   153.7996   153.7996   153.7996     0.0    
   OXYGE-01               0.0      410.3521   410.3521   410.3521     0.0    
   CARBO-01               0.0     1.3841+04  1.3841+04  1.3841+04     0.0    
   WATER                 27.0895   679.1998   679.1998   679.1998  9.6585+04 
   ETHYL-01               0.0      584.4385   584.4385   584.4385     0.0    
   ACETA-01               0.0       12.3040    12.3040    12.3040     0.0    
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               7.3333     7.3333     7.3333     7.3333     0.0    
 TOTAL FLOW:      
   KMOL/HR              803.4208  1.5688+04  1.5688+04  1.5688+04  9.6585+04 
   KG/HR               3.6150+04  6.6810+05  6.6810+05  6.6810+05  1.7400+06 
   L/MIN                752.2128  7.0620+06  5.8192+06  4.5897+06  2.9383+04 
 STATE VARIABLES: 
   TEMP   C              25.0000   253.4964    79.4440    15.0000    32.2222 
   PRES   BAR             1.0133     1.6212     1.3172     1.3172     1.0133 
   VFRAC                  0.0        1.0000     1.0000     0.9651     0.0    
   LFRAC                  1.0000     0.0        0.0     3.4920-02     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.6275+04 -8.4176+04 -8.5987+04 -8.6953+04 -6.8134+04 
   CAL/GM             -1472.9455 -1976.6009 -2019.1228 -2041.8077 -3781.9979 
   CAL/SEC            -1.4791+07 -3.6682+08 -3.7472+08 -3.7893+08 -1.8280+09 
 ENTROPY:         
   CAL/MOL-K            -80.7849     4.2203     0.4780    -2.6203   -38.5412 
   CAL/GM-K              -1.7954  9.9099-02  1.1225-02 -6.1529-02    -2.1394 
 DENSITY:         
   MOL/CC              1.7801-02  3.7025-05  4.4932-05  5.6968-05  5.4785-02 
   GM/CC                  0.8010  1.5767-03  1.9135-03  2.4261-03     0.9870 
 AVG MW                  44.9951    42.5865    42.5865    42.5865    18.0153 
 
 14 15 16 17 18                           
 -------------- 
 
 STREAM ID               14         15         16         17         18       
 FROM :                  P-203      E-204      A-205      A-205      C-206    
 TO   :                  E-204      A-205      EO-SPLIT   C-206      GR-MIX   
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     VAPOR      VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0        0.0      153.7996  1.2001-15  1.2001-15 
   OXYGE-01               0.0        0.0        0.1121   410.2399   410.2399 
   CARBO-01               0.0        0.0      124.0081  1.3717+04  1.3717+04 
   WATER               9.6585+04  9.6585+04  9.7138+04   126.1006   126.1006 
   ETHYL-01               0.0        0.0      570.8943    13.5441    13.5441 
   ACETA-01               0.0        0.0       12.3039  2.3489-05  2.3489-05 
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
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   METHA-01               0.0        0.0        7.3333  3.2160-17  3.2160-17 
 TOTAL FLOW:      
   KMOL/HR             9.6585+04  9.6585+04  9.8006+04  1.4267+04  1.4267+04 
   KG/HR               1.7400+06  1.7400+06  1.7884+06  6.1966+05  6.1966+05 
   L/MIN               2.9383+04  2.8626+04  2.9582+04  5.4349+06  3.4202+06 
 STATE VARIABLES: 
   TEMP   C              32.2315     5.0000     9.5360     5.4083    59.9172 
   PRES   BAR             1.3172     1.0133     1.3172     1.0133     1.9252 
   VFRAC                  0.0        0.0        0.0        1.0000     1.0000 
   LFRAC                  1.0000     1.0000     1.0000     0.0        0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.8134+04 -6.8614+04 -6.8282+04 -9.1059+04 -9.0573+04 
   CAL/GM             -3781.9887 -3808.6501 -3741.8634 -2096.4534 -2085.2570 
   CAL/SEC            -1.8280+09 -1.8408+09 -1.8589+09 -3.6086+08 -3.5893+08 
 ENTROPY:         
   CAL/MOL-K            -38.5407   -40.1789   -39.9663     0.3201     0.6382 
   CAL/GM-K              -2.1393    -2.2303    -2.1902  7.3690-03  1.4694-02 
 DENSITY:         
   MOL/CC              5.4784-02  5.6233-02  5.5218-02  4.3750-05  6.9520-05 
   GM/CC                  0.9870     1.0130     1.0076  1.9002-03  3.0196-03 
 AVG MW                  18.0153    18.0153    18.2482    43.4347    43.4347 
 
 19 2 20 21 22                            
 ------------- 
 
 STREAM ID               19         2          20         21         22       
 FROM :                  EO-SPLIT   P-101      EO-SPLIT   EO-SPLIT   P-207    
 TO   :                  P-207      E-102      P-208      P-209      EO-MIX   
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      LIQUID     MIXED      MIXED      LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01              51.2665   768.9980    51.2665    51.2665    51.2665 
   OXYGE-01            3.7375-02     0.0     3.7375-02  3.7375-02  3.7375-02 
   CARBO-01              41.3360     0.0       41.3360    41.3360    41.3360 
   WATER               3.2379+04    27.0895  3.2379+04  3.2379+04  3.2379+04 
   ETHYL-01             190.2981     0.0      190.2981   190.2981   190.2981 
   ACETA-01               4.1013     0.0        4.1013     4.1013     4.1013 
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               2.4444     7.3333     2.4444     2.4444     2.4444 
 TOTAL FLOW:      
   KMOL/HR             3.2669+04   803.4208  3.2669+04  3.2669+04  3.2669+04 
   KG/HR               5.9615+05  3.6150+04  5.9615+05  5.9615+05  5.9615+05 
   L/MIN               1.3544+04   752.2698  1.3544+04  1.3544+04  9862.1441 
 STATE VARIABLES: 
   TEMP   C               9.4446    25.0525     9.4446     9.4446     9.7023 
   PRES   BAR             1.0133     1.9252     1.0133     1.0133     4.9649 
   VFRAC               2.9225-04     0.0     2.9225-04  2.9225-04     0.0    
   LFRAC                  0.9997     1.0000     0.9997     0.9997     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.8282+04 -6.6274+04 -6.8282+04 -6.8282+04 -6.8279+04 
   CAL/GM             -3741.8634 -1472.9116 -3741.8634 -3741.8634 -3741.7026 
   CAL/SEC            -6.1964+08 -1.4790+07 -6.1964+08 -6.1964+08 -6.1961+08 
 ENTROPY:         
   CAL/MOL-K            -39.9662   -80.7798   -39.9662   -39.9662   -39.9560 
   CAL/GM-K              -2.1901    -1.7953    -2.1901    -2.1901    -2.1896 
 DENSITY:         
   MOL/CC              4.0200-02  1.7800-02  4.0200-02  4.0200-02  5.5209-02 
   GM/CC                  0.7336     0.8009     0.7336     0.7336     1.0075 
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 AVG MW                  18.2482    44.9951    18.2482    18.2482    18.2482 
 
 23 24 25 26 27                           
 -------------- 
 
 STREAM ID               23         24         25         26         27       
 FROM :                  P-208      P-209      EO-MIX     E-210      D-211    
 TO   :                  EO-MIX     EO-MIX     E-210      D-211      E-301    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     MIXED      LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01              51.2665    51.2665   153.7996   153.7996   148.7301 
   OXYGE-01            3.7375-02  3.7375-02     0.1121     0.1121  3.3529-18 
   CARBO-01              41.3360    41.3360   124.0081   124.0081  6.1240-14 
   WATER               3.2379+04  3.2379+04  9.7138+04  9.7138+04  9.7090+04 
   ETHYL-01             190.2981   190.2981   570.8943   570.8943     0.7839 
   ACETA-01               4.1013     4.1013    12.3039    12.3039    12.0839 
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               2.4444     2.4444     7.3333     7.3333     7.1918 
 TOTAL FLOW:      
   KMOL/HR             3.2669+04  3.2669+04  9.8006+04  9.8006+04  9.7259+04 
   KG/HR               5.9615+05  5.9615+05  1.7884+06  1.7884+06  1.7568+06 
   L/MIN               9861.7189  9861.7189  2.9586+04  4.5230+04  3.3799+04 
 STATE VARIABLES: 
   TEMP   C               9.6571     9.6571     9.6722    98.0000   146.2199 
   PRES   BAR             4.9649     4.9649     4.6610     4.3570     4.3570 
   VFRAC                  0.0        0.0        0.0     1.1095-03     0.0    
   LFRAC                  1.0000     1.0000     1.0000     0.9989     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.8280+04 -6.8280+04 -6.8280+04 -6.6638+04 -6.5897+04 
   CAL/GM             -3741.7463 -3741.7463 -3741.7317 -3651.7639 -3648.2630 
   CAL/SEC            -6.1962+08 -6.1962+08 -1.8588+09 -1.8142+09 -1.7803+09 
 ENTROPY:         
   CAL/MOL-K            -39.9588   -39.9588   -39.9579   -34.9606   -32.5280 
   CAL/GM-K              -2.1897    -2.1897    -2.1897    -1.9158    -1.8008 
 DENSITY:         
   MOL/CC              5.5211-02  5.5211-02  5.5211-02  3.6114-02  4.7959-02 
   GM/CC                  1.0075     1.0075     1.0075     0.6590     0.8663 
 AVG MW                  18.2482    18.2482    18.2482    18.2482    18.0627 
 
 28 29 3 30 31                            
 ------------- 
 
 STREAM ID               28         29         3          30         31       
 FROM :                  D-211      D-211      E-102      GR-MIX     GAS-SPLT 
 TO   :                  P-401      GR-MIX     MIX1       GAS-SPLT   ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     VAPOR      VAPOR      VAPOR      VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               5.0653  4.2147-03   768.9980  4.2147-03  4.1725-03 
   OXYGE-01            2.0938-04     0.1119     0.0      410.3519   406.2483 
   CARBO-01               9.4925   114.5155     0.0     1.3831+04  1.3693+04 
   WATER                 47.2965     0.2132    27.0895   126.3139   125.0507 
   ETHYL-01             542.3748    27.7357     0.0       41.2798    40.8670 
   ACETA-01               0.2145  5.4688-03     0.0     5.4923-03  5.4374-03 
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
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   METHA-01               0.1413  1.5132-04     7.3333  1.5132-04  1.4981-04 
 TOTAL FLOW:      
   KMOL/HR              604.5852   142.5862   803.4208  1.4409+04  1.4265+04 
   KG/HR               2.5410+04  6269.5133  3.6150+04  6.2593+05  6.1967+05 
   L/MIN                467.9959  1.3560+04  2.5625+05  4.0952+06  4.9899+06 
 STATE VARIABLES: 
   TEMP   C               5.0000     5.0000   100.0000    59.3577    59.3577 
   PRES   BAR             4.0530     4.0530     1.6212     1.6212     1.3172 
   VFRAC                  0.0        1.0000     1.0000     1.0000     1.0000 
   LFRAC                  1.0000     0.0        0.0        0.0        0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -2.4519+04 -7.8204+04 -5.4848+04 -9.0450+04 -9.0450+04 
   CAL/GM              -583.3834 -1778.5816 -1218.9787 -2082.1852 -2082.1852 
   CAL/SEC            -4.1178+06 -3.0975+06 -1.2241+07 -3.6203+08 -3.5841+08 
 ENTROPY:         
   CAL/MOL-K            -52.4828    -7.9839   -48.9008     0.9251     1.3375 
   CAL/GM-K              -1.2487    -0.1816    -1.0868  2.1296-02  3.0789-02 
 DENSITY:         
   MOL/CC              2.1531-02  1.7525-04  5.2255-05  5.8642-05  4.7647-05 
   GM/CC                  0.9049  7.7060-03  2.3512-03  2.5474-03  2.0698-03 
 AVG MW                  42.0296    43.9700    44.9951    43.4400    43.4400 
 
 32 33 34 35 36                           
 -------------- 
 
 STREAM ID               32         33         34         35         36       
 FROM :                  GAS-SPLT   E-301      D-302      D-302      P-303    
 TO   :                  PRGE-MIX   D-302      W1-MIX     P-303      E-304    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            4.2147-05   148.7301    17.6886   131.0415   131.0415 
   OXYGE-01               4.1035  3.3529-18     0.0        0.0        0.0    
   CARBO-01             138.3116  6.1240-14     0.0        0.0        0.0    
   WATER                  1.2631  9.7090+04  9.7047+04    43.0799    43.0799 
   ETHYL-01               0.4128     0.7839  2.9798-08     0.7839     0.7839 
   ACETA-01            5.4923-05    12.0839     3.6172     8.4668     8.4668 
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01            1.5132-06     7.1918     3.1525     4.0393     4.0393 
 TOTAL FLOW:      
   KMOL/HR              144.0912  9.7259+04  9.7072+04   187.4113   187.4113 
   KG/HR               6259.3202  1.7568+06  1.7494+06  7350.0000  7350.0000 
   L/MIN               5.0403+04  3.2090+04  3.2035+04   161.6629   161.7151 
 STATE VARIABLES: 
   TEMP   C              59.3577   104.4444   107.4730    72.6532    72.8431 
   PRES   BAR             1.3172     4.0530     1.3172     1.0133     5.4948 
   VFRAC                  1.0000     0.0        0.0        0.0        0.0    
   LFRAC                  0.0        1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -9.0450+04 -6.6772+04 -6.6721+04 -6.4156+04 -6.4149+04 
   CAL/GM             -2082.1852 -3696.6614 -3702.2389 -1635.8465 -1635.6699 
   CAL/SEC            -3.6203+06 -1.8039+09 -1.7991+09 -3.3399+06 -3.3395+06 
 ENTROPY:         
   CAL/MOL-K              1.3375   -34.6515   -34.4646   -65.1331   -65.1135 
   CAL/GM-K            3.0789-02    -1.9184    -1.9124    -1.6608    -1.6603 
 DENSITY:         
   MOL/CC              4.7647-05  5.0514-02  5.0503-02  1.9321-02  1.9315-02 
   GM/CC               2.0698-03     0.9124     0.9102     0.7577     0.7575 
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 AVG MW                  43.4400    18.0627    18.0218    39.2185    39.2185 
 
 37 38 39 4 40                            
 ------------- 
 
 STREAM ID               37         38         39         4          40       
 FROM :                  E-304      D-305      D-305      ----       ETH-SPLT 
 TO   :                  D-305      W1-MIX     ETH-SPLT   C-103      ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      MIXED      VAPOR      VAPOR      VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01             131.0415     1.3104   129.7311     0.0      125.8392 
   OXYGE-01               0.0        0.0        0.0      764.0912     0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   WATER                 43.0799    42.1454     0.9345     0.0        0.9065 
   ETHYL-01               0.7839  7.8386-03     0.7760     0.0        0.7527 
   ACETA-01               8.4668  8.4668-02     8.3821     0.0        8.1306 
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               4.0393  4.0393-02     3.9989     0.0        3.8789 
 TOTAL FLOW:      
   KMOL/HR              187.4113    43.5887   143.8226   764.0912   139.5080 
   KG/HR               7350.0000   825.0000  6525.0000  2.4450+04  6329.2500 
   L/MIN               2.1115+04   757.4436  1.6204+04  3.1156+05  1.6695+04 
 STATE VARIABLES: 
   TEMP   C             148.8889   148.8889   148.8889    25.0000   148.8889 
   PRES   BAR             5.1909     5.1909     5.1909     1.0133     4.8869 
   VFRAC                  1.0000     0.1515     1.0000     1.0000     1.0000 
   LFRAC                  0.0        0.8485     0.0        0.0        0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -5.3540+04 -6.4109+04 -5.2608+04 -8.8977-13 -5.2608+04 
   CAL/GM             -1365.1683 -3387.1710 -1159.5777 -2.7806-14 -1159.5777 
   CAL/SEC            -2.7872+06 -7.7623+05 -2.1017+06 -1.8885-10 -2.0387+06 
 ENTROPY:         
   CAL/MOL-K            -38.3016   -29.5943   -47.5122     0.0      -47.3923 
   CAL/GM-K              -0.9766    -1.5636    -1.0473     0.0       -1.0446 
 DENSITY:         
   MOL/CC              1.4793-04  9.5912-04  1.4793-04  4.0875-05  1.3927-04 
   GM/CC               5.8017-03  1.8153-02  6.7114-03  1.3079-03  6.3184-03 
 AVG MW                  39.2185    18.9269    45.3684    31.9988    45.3684 
 
 41 42 43 44 45                           
 -------------- 
 
 STREAM ID               41         42         43         44         45       
 FROM :                  ETH-SPLT   W1-MIX     W1P-SPLI   W1P-SPLI   W1P-SPLI 
 TO   :                  PRGE-MIX   W1P-SPLI   P-306      P-307      P-308    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      MIXED      MIXED      MIXED      MIXED   
 COMPONENTS: KMOL/HR          
   ETHAN-01               3.8919    18.9990     6.3330     6.3330     6.3330 
   OXYGE-01               0.0        0.0        0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   WATER               2.8036-02  9.7089+04  3.2363+04  3.2363+04  3.2363+04 
   ETHYL-01            2.3281-02  7.8387-03  2.6129-03  2.6129-03  2.6129-03 
   ACETA-01               0.2515     3.7019     1.2340     1.2340     1.2340 
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
453
   METHA-01               0.1200     3.1929     1.0643     1.0643     1.0643 
 TOTAL FLOW:      
   KMOL/HR                4.3147  9.7115+04  3.2372+04  3.2372+04  3.2372+04 
   KG/HR                195.7500  1.7502+06  5.8341+05  5.8341+05  5.8341+05 
   L/MIN                516.3501  7.9718+05  8.0351+05  8.0351+05  8.0351+05 
 STATE VARIABLES: 
   TEMP   C             148.8889    99.9468    90.2495    90.2495    90.2495 
   PRES   BAR             4.8869     1.0133     0.7093     0.7093     0.7093 
   VFRAC                  1.0000  1.5456-02  3.4521-02  3.4521-02  3.4521-02 
   LFRAC                  0.0        0.9845     0.9655     0.9655     0.9655 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -5.2608+04 -6.6720+04 -6.6720+04 -6.6720+04 -6.6720+04 
   CAL/GM             -1159.5777 -3702.0904 -3702.0904 -3702.0904 -3702.0904 
   CAL/SEC            -6.3052+04 -1.7999+09 -5.9996+08 -5.9996+08 -5.9996+08 
 ENTROPY:         
   CAL/MOL-K            -47.3923   -34.4497   -34.4233   -34.4233   -34.4233 
   CAL/GM-K              -1.0446    -1.9115    -1.9100    -1.9100    -1.9100 
 DENSITY:         
   MOL/CC              1.3927-04  2.0304-03  6.7146-04  6.7146-04  6.7146-04 
   GM/CC               6.3184-03  3.6592-02  1.2101-02  1.2101-02  1.2101-02 
 AVG MW                  45.3684    18.0222    18.0222    18.0222    18.0222 
 
 46 47 48 49 5                            
 ------------- 
 
 STREAM ID               46         47         48         49         5        
 FROM :                  P-306      P-307      P-308      E-309-A    C-103    
 TO   :                  E-309-A    E-310-A    E-311-A    E-309-B    MIX1     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               6.3330     6.3330     6.3330     6.3330     0.0    
   OXYGE-01               0.0        0.0        0.0        0.0      764.0912 
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   WATER               3.2363+04  3.2363+04  3.2363+04  3.2363+04     0.0    
   ETHYL-01            2.6129-03  2.6129-03  2.6129-03  2.6129-03     0.0    
   ACETA-01               1.2340     1.2340     1.2340     1.2340     0.0    
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               1.0643     1.0643     1.0643     1.0643     0.0    
 TOTAL FLOW:      
   KMOL/HR             3.2372+04  3.2372+04  3.2372+04  3.2372+04   764.0912 
   KG/HR               5.8341+05  5.8341+05  5.8341+05  5.8341+05  2.4450+04 
   L/MIN               1.0735+04  1.0727+04  1.0735+04  1.0020+04  2.6293+05 
 STATE VARIABLES: 
   TEMP   C             111.5784   110.9055   111.5784    48.8889    53.9538 
   PRES   BAR             2.5331     2.2292     2.5331     2.2292     1.3172 
   VFRAC                  0.0        0.0        0.0        0.0        1.0000 
   LFRAC                  1.0000     1.0000     1.0000     1.0000     0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.6639+04 -6.6652+04 -6.6639+04 -6.7832+04   203.4687 
   CAL/GM             -3697.5907 -3698.3407 -3697.5907 -3763.8146     6.3586 
   CAL/SEC            -5.9923+08 -5.9935+08 -5.9923+08 -6.0996+08  4.3186+04 
 ENTROPY:         
   CAL/MOL-K            -34.2552   -34.2895   -34.2552   -37.5941     0.1303 
   CAL/GM-K              -1.9007    -1.9026    -1.9007    -2.0860  4.0708-03 
 DENSITY:         
   MOL/CC              5.0257-02  5.0297-02  5.0257-02  5.3847-02  4.8434-05 
   GM/CC                  0.9057     0.9065     0.9057     0.9704  1.5498-03 
454
 AVG MW                  18.0222    18.0222    18.0222    18.0222    31.9988 
 
 50 51 52 53 54                           
 -------------- 
 
 STREAM ID               50         51         52         53         54       
 FROM :                  E-310-A    E-311-A    E-309-B    E-310-B    E-311-B  
 TO   :                  E-310-B    E-311-B    W1P-MIX    W1P-MIX    W1P-MIX  
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               6.3330     6.3330     6.3330     6.3330     6.3330 
   OXYGE-01               0.0        0.0        0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   WATER               3.2363+04  3.2363+04  3.2363+04  3.2363+04  3.2363+04 
   ETHYL-01            2.6129-03  2.6129-03  2.6129-03  2.6129-03  2.6129-03 
   ACETA-01               1.2340     1.2340     1.2340     1.2340     1.2340 
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               1.0643     1.0643     1.0643     1.0643     1.0643 
 TOTAL FLOW:      
   KMOL/HR             3.2372+04  3.2372+04  3.2372+04  3.2372+04  3.2372+04 
   KG/HR               5.8341+05  5.8341+05  5.8341+05  5.8341+05  5.8341+05 
   L/MIN               1.0020+04  1.0020+04  9594.7463  9594.7463  9594.7463 
 STATE VARIABLES: 
   TEMP   C              48.8889    48.8889     4.4444     4.4444     4.4444 
   PRES   BAR             1.9252     2.2292     2.2292     1.9252     2.2292 
   VFRAC                  0.0        0.0        0.0        0.0        0.0    
   LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.7832+04 -6.7832+04 -6.8623+04 -6.8623+04 -6.8623+04 
   CAL/GM             -3763.8146 -3763.8146 -3807.6640 -3807.6640 -3807.6640 
   CAL/SEC            -6.0996+08 -6.0996+08 -6.1706+08 -6.1706+08 -6.1706+08 
 ENTROPY:         
   CAL/MOL-K            -37.5941   -37.5941   -40.2204   -40.2204   -40.2204 
   CAL/GM-K              -2.0860    -2.0860    -2.2317    -2.2317    -2.2317 
 DENSITY:         
   MOL/CC              5.3847-02  5.3847-02  5.6232-02  5.6232-02  5.6232-02 
   GM/CC                  0.9704     0.9704     1.0134     1.0134     1.0134 
 AVG MW                  18.0222    18.0222    18.0222    18.0222    18.0222 
 
 55 56 57 58 59                           
 -------------- 
 
 STREAM ID               55         56         57         58         59       
 FROM :                  W1P-MIX    W1-SPLIT   W1-SPLIT   PRGE-MIX   P-401    
 TO   :                  W1-SPLIT   PRGE-MIX   ----       ----       MIX4     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     MIXED      LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01              18.9990     0.9499    18.0490     4.8419     5.0653 
   OXYGE-01               0.0        0.0        0.0        4.1035  2.0938-04 
   CARBO-01               0.0        0.0        0.0      138.3116     9.4925 
   WATER               9.7089+04  4854.4666  9.2235+04  4855.7578    47.2965 
   ETHYL-01            7.8387-03  3.9193-04  7.4467-03     0.4365   542.3748 
   ACETA-01               3.7019     0.1851     3.5168     0.4366     0.2145 
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
455
   METHA-01               3.1929     0.1596     3.0333     0.2796     0.1413 
 TOTAL FLOW:      
   KMOL/HR             9.7115+04  4855.7617  9.2259+04  5004.1675   604.5852 
   KG/HR               1.7502+06  8.7512+04  1.6627+06  9.3967+04  2.5410+04 
   L/MIN               2.8784+04  1439.2120  2.7345+04  5.4379+04   468.3032 
 STATE VARIABLES: 
   TEMP   C               4.4444     4.4445     4.4445     6.3330     5.4221 
   PRES   BAR             1.6212     1.3172     1.3172     1.0133    11.1458 
   VFRAC                  0.0        0.0        0.0     2.7673-02     0.0    
   LFRAC                  1.0000     1.0000     1.0000     0.9723     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.8623+04 -6.8623+04 -6.8623+04 -6.9237+04 -2.4510+04 
   CAL/GM             -3807.6640 -3807.6640 -3807.6640 -3687.2098  -583.1494 
   CAL/SEC            -1.8512+09 -9.2560+07 -1.7586+09 -9.6243+07 -4.1161+06 
 ENTROPY:         
   CAL/MOL-K            -40.2204   -40.2204   -40.2204   -38.9886   -52.4483 
   CAL/GM-K              -2.2317    -2.2317    -2.2317    -2.0763    -1.2479 
 DENSITY:         
   MOL/CC              5.6232-02  5.6232-02  5.6232-02  1.5337-03  2.1517-02 
   GM/CC                  1.0134     1.0134     1.0134  2.8800-02     0.9043 
 AVG MW                  18.0222    18.0222    18.0222    18.7777    42.0296 
 
 6 60 61 62 63                            
 ------------- 
 
 STREAM ID               6          60         61         62         63       
 FROM :                  ----       ----       P-402      MIX4       R-403    
 TO   :                  C-104      P-402      MIX4       R-403      R-404    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0        0.0        0.0        5.0653     5.0653 
   OXYGE-01               0.0        0.0        0.0     2.0938-04  2.0938-04 
   CARBO-01            1.3804+04     0.0        0.0        9.4925     9.4925 
   WATER                  0.0     1.1940+04  1.1940+04  1.1987+04  1.1479+04 
   ETHYL-01               0.0        0.0        0.0      542.3748     1.6271 
   ACETA-01               0.0        0.0        0.0        0.2145     0.2145 
   ETHYL-02               0.0        0.0        0.0        0.0      481.2654 
   DIETH-01               0.0        0.0        0.0        0.0       21.6299 
   TRIET-01               0.0        0.0        0.0        0.0        5.4075 
   METHA-01               0.0        0.0        0.0        0.1413     0.1413 
 TOTAL FLOW:      
   KMOL/HR             1.3804+04  1.1940+04  1.1940+04  1.2545+04  1.2004+04 
   KG/HR               6.0750+05  2.1510+05  2.1510+05  2.4051+05  2.4051+05 
   L/MIN               5.6285+06  3606.8368  3607.9199  4058.0774  4577.0247 
 STATE VARIABLES: 
   TEMP   C              25.0000    25.0000    25.3093    24.6853   150.0000 
   PRES   BAR             1.0133     1.0133    11.1458    10.8418    10.1325 
   VFRAC                  1.0000     0.0        0.0        0.0        0.0    
   LFRAC                  0.0        1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -9.3988+04 -6.8262+04 -6.8257+04 -6.6148+04 -6.7620+04 
   CAL/GM             -2135.6209 -3789.1277 -3788.8233 -3450.1399 -3374.8475 
   CAL/SEC            -3.6039+08 -2.2640+08 -2.2638+08 -2.3050+08 -2.2547+08 
 ENTROPY:         
   CAL/MOL-K              0.6889   -38.9652   -38.9469   -39.4064   -34.7651 
   CAL/GM-K            1.5654-02    -2.1629    -2.1619    -2.0553    -1.7351 
 DENSITY:         
   MOL/CC              4.0875-05  5.5173-02  5.5156-02  5.1521-02  4.3710-02 
   GM/CC               1.7989-03     0.9940     0.9937     0.9878     0.8758 
456
 AVG MW                  44.0098    18.0153    18.0153    19.1726    20.0363 
 
 64 65 66 67 68                           
 -------------- 
 
 STREAM ID               64         65         66         67         68       
 FROM :                  R-404      F-501      F-501      F-502      F-502    
 TO   :                  F-501      F-502      E-504      F-503      E-505    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     VAPOR      LIQUID     VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               5.0653     1.1783     3.8870     0.1826     0.9957 
   OXYGE-01            2.0938-04  7.9852-09  2.0937-04  1.4684-13  7.9851-09 
   CARBO-01               9.4925  5.2931-03     9.4872  1.5431-06  5.2916-03 
   WATER               1.1478+04  8832.4723  2645.0896  5802.8346  3029.6377 
   ETHYL-01               0.0        0.0        0.0        0.0        0.0    
   ACETA-01               0.2145  2.0670-02     0.1939  9.1489-04  1.9755-02 
   ETHYL-02             482.5427   480.2863     2.2564   476.8081     3.4782 
   DIETH-01              21.7438    21.7315  1.2349-02    21.7144  1.7048-02 
   TRIET-01               5.4482     5.4473  9.0305-04     5.4463  9.0359-04 
   METHA-01               0.1413  4.4609-02  9.6730-02  9.3379-03  3.5271-02 
 TOTAL FLOW:      
   KMOL/HR             1.2002+04  9341.1861  2661.0243  6306.9963  3034.1898 
   KG/HR               2.4051+05  1.9211+05  4.8402+04  1.3727+05  5.4846+04 
   L/MIN               4459.4249  3379.6587  2.0760+06  2378.2158  3.0766+06 
 STATE VARIABLES: 
   TEMP   C             130.0000    89.0811    89.0811    82.7342    82.7342 
   PRES   BAR            10.1325     0.6434     0.6434     0.4864     0.4864 
   VFRAC                  0.0        0.0        1.0000     0.0        1.0000 
   LFRAC                  1.0000     1.0000     0.0        1.0000     0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.8079+04 -6.9427+04 -5.7395+04 -7.0663+04 -5.7332+04 
   CAL/GM             -3397.3168 -3375.8019 -3155.4506 -3246.7695 -3171.7445 
   CAL/SEC            -2.2697+08 -1.8015+08 -4.2425+07 -1.2380+08 -4.8321+07 
 ENTROPY:         
   CAL/MOL-K            -35.8148   -38.7777    -8.1280   -40.7831    -7.7870 
   CAL/GM-K              -1.7873    -1.8855    -0.4469    -1.8739    -0.4308 
 DENSITY:         
   MOL/CC              4.4857-02  4.6066-02  2.1364-05  4.4200-02  1.6437-05 
   GM/CC                  0.8989     0.9474  3.8859-04     0.9620  2.9711-04 
 AVG MW                  20.0391    20.5660    18.1892    21.7640    18.0759 
 
 69 7 70 71 72                            
 ------------- 
 
 STREAM ID               69         7          70         71         72       
 FROM :                  F-503      C-104      F-503      P-510      E-511    
 TO   :                  P-510      MIX1       E-506      E-511      D-512    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     VAPOR      VAPOR      LIQUID     VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01            1.3989-02     0.0        0.1686  1.3989-02  1.3989-02 
   OXYGE-01               0.0        0.0        0.0        0.0        0.0    
   CARBO-01            1.8561-10  1.3804+04  1.5429-06  1.8561-10  1.8561-10 
   WATER               2438.8322     0.0     3364.0024  2438.8322  2438.8322 
   ETHYL-01               0.0        0.0        0.0        0.0        0.0    
   ACETA-01            1.6234-05     0.0     8.9865-04  1.6234-05  1.6234-05 
   ETHYL-02             468.5803     0.0        8.2278   468.5803   468.5803 
   DIETH-01              21.6762     0.0     3.8225-02    21.6762    21.6762 
   TRIET-01               5.4456     0.0     7.1507-04     5.4456     5.4456 
457
   METHA-01            8.7900-04     0.0     8.4589-03  8.7900-04  8.7900-04 
 TOTAL FLOW:      
   KMOL/HR             2934.5492  1.3804+04  3372.4472  2934.5492  2934.5492 
   KG/HR               7.6139+04  6.0750+05  6.1126+04  7.6139+04  7.6139+04 
   L/MIN               1278.7055  4.6534+06  4.8132+06  1278.7657  1.4607+06 
 STATE VARIABLES: 
   TEMP   C              76.4524    47.3011    76.4524    76.4969   200.0000 
   PRES   BAR             0.3394     1.3172     0.3394     1.6212     1.3172 
   VFRAC                  0.0        1.0000     1.0000     0.0        1.0000 
   LFRAC                  1.0000     0.0        0.0        1.0000     0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -7.4653+04 -9.3787+04 -5.7430+04 -7.4652+04 -6.2374+04 
   CAL/GM             -2877.2542 -2131.0452 -3168.5049 -2877.2157 -2404.0300 
   CAL/SEC            -6.0853+07 -3.5961+08 -5.3800+07 -6.0852+07 -5.0845+07 
 ENTROPY:         
   CAL/MOL-K            -47.0427     0.8192    -7.2723   -47.0399   -16.3300 
   CAL/GM-K              -1.8131  1.8613-02    -0.4012    -1.8130    -0.6294 
 DENSITY:         
   MOL/CC              3.8249-02  4.9439-05  1.1678-05  3.8247-02  3.3484-05 
   GM/CC                  0.9924  2.1758-03  2.1166-04     0.9924  8.6876-04 
 AVG MW                  25.9457    44.0098    18.1252    25.9457    25.9457 
 
 73 74 75 76 77                           
 -------------- 
 
 STREAM ID               73         74         75         76         77       
 FROM :                  E-504      E-505      E-506      D-512      P-507    
 TO   :                  P-507      P-508      P-509      P-513      MIXER7   
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               3.8870     0.9957     0.1686  1.3989-02     3.8870 
   OXYGE-01            2.0937-04  7.9851-09     0.0        0.0     2.0937-04 
   CARBO-01               9.4872  5.2916-03  1.5429-06  1.8561-10     9.4872 
   WATER               2645.0896  3029.6377  3364.0024  2438.8246  2645.0896 
   ETHYL-01               0.0        0.0        0.0        0.0        0.0    
   ACETA-01               0.1939  1.9755-02  8.9865-04  1.6234-05     0.1939 
   ETHYL-02               2.2564     3.4782     8.2278     4.6295     2.2564 
   DIETH-01            1.2349-02  1.7048-02  3.8225-02  8.2594-03  1.2349-02 
   TRIET-01            9.0305-04  9.0359-04  7.1507-04  9.2892-10  9.0305-04 
   METHA-01            9.6730-02  3.5271-02  8.4589-03  8.7900-04  9.6730-02 
 TOTAL FLOW:      
   KMOL/HR             2661.0243  3034.1898  3372.4472  2443.4772  2661.0243 
   KG/HR               4.8402+04  5.4846+04  6.1126+04  4.4225+04  4.8402+04 
   L/MIN               6987.0091   925.9536  1031.2996   802.1631   819.6126 
 STATE VARIABLES: 
   TEMP   C              32.2222    32.2222    32.2222   100.0682    36.1016 
   PRES   BAR             0.6434     0.4864     0.3394     1.0133    11.7537 
   VFRAC               3.5289-03     0.0        0.0        0.0        0.0    
   LFRAC                  0.9965     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.8257+04 -6.8181+04 -6.8236+04 -6.6947+04 -6.8204+04 
   CAL/GM             -3752.6055 -3771.9480 -3764.6953 -3698.8854 -3749.7325 
   CAL/SEC            -5.0454+07 -5.7465+07 -6.3923+07 -4.5440+07 -5.0415+07 
 ENTROPY:         
   CAL/MOL-K            -38.4885   -38.6138   -38.6784   -34.9407   -38.3305 
   CAL/GM-K              -2.1160    -2.1362    -2.1340    -1.9305    -2.1073 
 DENSITY:         
   MOL/CC              6.3476-03  5.4614-02  5.4502-02  5.0769-02  5.4111-02 
   GM/CC                  0.1155     0.9872     0.9879     0.9189     0.9842 
458
 AVG MW 18.1892 18.0759 18.1252 18.0992 18.1892 
 78 79 8 80 81
 ------------- 
 STREAM ID 78 79 8 80 81
 FROM : P-508 P-509 MIX1 P-513 MIXER7  
 TO   : MIXER7 MIXER7 R-105 MIXER7 W2-MIX  
 SUBSTREAM: MIXED   
 PHASE: LIQUID LIQUID VAPOR LIQUID LIQUID 
 COMPONENTS: KMOL/HR
   ETHAN-01 0.9957 0.1686   768.9980  1.3989-02 5.0653 
   OXYGE-01 7.9851-09     0.0 764.0912 0.0 2.0938-04 
   CARBO-01 5.2916-03  1.5429-06  1.3804+04  1.8561-10 9.4925 
   WATER 3029.6377  3364.0024 27.0895  2438.8246  1.1478+04 
   ETHYL-01 0.0 0.0 0.0 0.0 0.0   
   ACETA-01 1.9755-02  8.9865-04 0.0 1.6234-05 0.2145 
   ETHYL-02 3.4782 8.2278 0.0 4.6295 18.5919 
   DIETH-01 1.7048-02  3.8225-02 0.0 8.2594-03  7.5881-02 
   TRIET-01 9.0359-04  7.1507-04 0.0 9.2892-10  2.5217-03 
   METHA-01 3.5271-02  8.4589-03 7.3333  8.7900-04 0.1413 
 TOTAL FLOW:
   KMOL/HR 3034.1898  3372.4472  1.5371+04  2443.4772  1.1511+04 
   KG/HR 5.4846+04  6.1126+04  6.6810+05  4.4225+04  2.0860+05 
   L/MIN 926.2682  1031.6549  6.8463+06   802.4609  3577.1382 
 STATE VARIABLES: 
   TEMP   C 32.5668 32.5717 52.5285   100.3898 48.2620 
   PRES   BAR 11.7537 11.7537 1.0133 11.7537 11.4497 
   VFRAC 0.0 0.0 1.0000 0.0 0.0   
   LFRAC 1.0000 1.0000 0.0 1.0000 1.0000 
   SFRAC 0.0 0.0 0.0 0.0 0.0   
 ENTHALPY:
   CAL/MOL -6.8175+04 -6.8230+04 -8.7079+04 -6.6941+04 -6.7936+04
   CAL/GM -3771.6073 -3764.3503 -2003.4734 -3698.5364 -3748.9133
   CAL/SEC -5.7460+07 -6.3917+07 -3.7181+08 -4.5435+07 -2.1723+08
 ENTROPY:
   CAL/MOL-K -38.5937 -38.6581 -0.4669 -34.9242 -37.7023
   CAL/GM-K -2.1351 -2.1328 -1.0742-02 -1.9296 -2.0805
 DENSITY:
   MOL/CC 5.4595-02  5.4483-02  3.7420-05  5.0750-02  5.3633-02 
   GM/CC 0.9869 0.9875  1.6264-03 0.9185 0.9719 
 AVG MW 18.0759 18.1252 43.4642 18.0992 18.1215 
 82 83 84 85 86
 -------------- 
 STREAM ID 82 83 84 85 86
 FROM : W2-MIX W2-MIX D-512 D-601 D-601
 TO   : ---- ---- D-601 P-602 E-604
 SUBSTREAM: MIXED   
 PHASE: LIQUID LIQUID LIQUID LIQUID LIQUID 
 COMPONENTS: KMOL/HR
   ETHAN-01 4.8120 0.2533  4.9920-11  4.9920-11  3.2287-25 
   OXYGE-01  1.9891-04  1.0469-05 0.0 0.0 0.0   
   CARBO-01 9.0179 0.4746  2.5115-33 0.0 0.0   
   WATER 1.0904+04   573.8777  7.5885-03  7.5885-03  1.8620-14 
   ETHYL-01 0.0 0.0 0.0 0.0 0.0   
   ACETA-01 0.2038  1.0726-02  2.1795-14 0.0 0.0   
   ETHYL-02 17.6623 0.9296   463.9508   449.4654 14.4855 
   DIETH-01 7.2087-02  3.7941-03 21.6679 0.2568 21.4111 
   TRIET-01 2.3956-03  1.2609-04 5.4456  2.4177-09 5.4456 
459
   METHA-01               0.1343  7.0669-03  3.1050-11  3.1050-11  1.8536-24 
 TOTAL FLOW:      
   KMOL/HR             1.0936+04   575.5569   491.0720   449.7297    41.3423 
   KG/HR               1.9817+05  1.0430+04  3.1914+04  2.7925+04  3989.0730 
   L/MIN               3398.2813   178.8569   569.6287   490.7751    74.3377 
 STATE VARIABLES: 
   TEMP   C              48.2620    48.2620   206.9950   197.0821   240.8630 
   PRES   BAR            11.1458    11.1458     1.3172     1.0133     1.3172 
   VFRAC                  0.0        0.0        0.0        0.0        0.0    
   LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.7936+04 -6.7936+04 -1.0440+05 -1.0271+05 -1.2897+05 
   CAL/GM             -3748.9133 -3748.9133 -1606.3866 -1654.0995 -1336.6560 
   CAL/SEC            -2.0637+08 -1.0861+07 -1.4241+07 -1.2831+07 -1.4811+06 
 ENTROPY:         
   CAL/MOL-K            -37.7023   -37.7023   -91.1956   -89.7530  -123.2755 
   CAL/GM-K              -2.0805    -2.0805    -1.4033    -1.4455    -1.2776 
 DENSITY:         
   MOL/CC              5.3633-02  5.3633-02  1.4368-02  1.5273-02  9.2690-03 
   GM/CC                  0.9719     0.9719     0.9338     0.9483     0.8944 
 AVG MW                  18.1215    18.1215    64.9886    62.0928    96.4890 
 
 87 88 89 9                               
 ---------- 
 
 STREAM ID               87         88         89         9        
 FROM :                  P-602      E-603      E-604      R-105    
 TO   :                  E-603      ----       ----       C-201    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01            4.9920-11  4.9920-11  3.2287-25   153.7996 
   OXYGE-01               0.0        0.0        0.0      410.3521 
   CARBO-01               0.0        0.0        0.0     1.3841+04 
   WATER               7.5885-03  7.5885-03  1.8620-14   679.1998 
   ETHYL-01               0.0        0.0        0.0      584.4385 
   ACETA-01               0.0        0.0        0.0       12.3040 
   ETHYL-02             449.4654   449.4654    14.4855     0.0    
   DIETH-01               0.2568     0.2568    21.4111     0.0    
   TRIET-01            2.4177-09  2.4177-09     5.4456     0.0    
   METHA-01            3.1050-11  3.1050-11  1.8536-24     7.3333 
 TOTAL FLOW:      
   KMOL/HR              449.7297   449.7297    41.3423  1.5688+04 
   KG/HR               2.7925+04  2.7925+04  3989.0730  6.6810+05 
   L/MIN                490.7855   418.3344    60.4350  1.0151+07 
 STATE VARIABLES: 
   TEMP   C             197.1001    32.2222    32.2222   200.0000 
   PRES   BAR             1.3172     1.0133     1.0133     1.0133 
   VFRAC                  0.0        0.0        0.0        1.0000 
   LFRAC                  1.0000     1.0000     1.0000     0.0    
   SFRAC                  0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -1.0271+05 -1.0927+05 -1.4319+05 -8.4759+04 
   CAL/GM             -1654.0861 -1759.7598 -1484.0187 -1990.2859 
   CAL/SEC            -1.2831+07 -1.3650+07 -1.6444+06 -3.6936+08 
 ENTROPY:         
   CAL/MOL-K            -89.7513  -106.6935  -158.3201     3.9871 
   CAL/GM-K              -1.4454    -1.7183    -1.6408  9.3623-02 
 DENSITY:         
   MOL/CC              1.5272-02  1.7917-02  1.1401-02  2.5757-05 
   GM/CC                  0.9483     1.1125     1.1001  1.0969-03 
460
 AVG MW                  62.0928    62.0928    96.4890    42.5865 
 
 Q-614 Q-615                              
 ----------- 
 
 STREAM ID               Q-614      Q-615    
 FROM :                  E-504      E-505    
 TO   :                  F-502      F-503    
 CLASS:                  HEAT       HEAT     
 
 STREAM ATTRIBUTES: 
 HEAT     
 Q        CAL/SEC       8.0287+06  9.1441+06 
 TBEG     C               89.0811    82.7342 
 TEND     C               32.2222    32.2222 
 
 1                                        
 - 
 
 STREAM ID               1        
 FROM :                  ----     
 TO   :                  P-101    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01             768.9980 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                 27.0895 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR              803.4208 
   KG/HR               3.6150+04 
   L/MIN                752.2128 
 STATE VARIABLES: 
   TEMP   C              25.0000 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.6275+04 
   CAL/GM             -1472.9455 
   CAL/SEC            -1.4791+07 
 ENTROPY:         
   CAL/MOL-K            -80.7849 
   CAL/GM-K              -1.7954 
 DENSITY:         
   MOL/CC              1.7801-02 
   GM/CC                  0.8010 
 AVG MW                  44.9951 
 
 2                                        
 - 
 
 STREAM ID               2        
 FROM :                  P-101    
461
 TO   :                  E-102    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01             768.9980 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                 27.0895 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR              803.4208 
   KG/HR               3.6150+04 
   L/MIN                752.2698 
 STATE VARIABLES: 
   TEMP   C              25.0525 
   PRES   BAR             1.9252 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.6274+04 
   CAL/GM             -1472.9116 
   CAL/SEC            -1.4790+07 
 ENTROPY:         
   CAL/MOL-K            -80.7798 
   CAL/GM-K              -1.7953 
 DENSITY:         
   MOL/CC              1.7800-02 
   GM/CC                  0.8009 
 AVG MW                  44.9951 
 
 3                                        
 - 
 
 STREAM ID               3        
 FROM :                  E-102    
 TO   :                  MIX1     
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01             768.9980 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                 27.0895 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR              803.4208 
   KG/HR               3.6150+04 
   L/MIN               2.5625+05 
 STATE VARIABLES: 
   TEMP   C             100.0000 
462
   PRES   BAR             1.6212 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.4848+04 
   CAL/GM             -1218.9787 
   CAL/SEC            -1.2241+07 
 ENTROPY:         
   CAL/MOL-K            -48.9008 
   CAL/GM-K              -1.0868 
 DENSITY:         
   MOL/CC              5.2255-05 
   GM/CC               2.3512-03 
 AVG MW                  44.9951 
 
 4                                        
 - 
 
 STREAM ID               4        
 FROM :                  ----     
 TO   :                  C-103    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01             764.0912 
   CARBO-01               0.0    
   WATER                  0.0    
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR              764.0912 
   KG/HR               2.4450+04 
   L/MIN               3.1156+05 
 STATE VARIABLES: 
   TEMP   C              25.0000 
   PRES   BAR             1.0133 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -8.8977-13 
   CAL/GM             -2.7806-14 
   CAL/SEC            -1.8885-10 
 ENTROPY:         
   CAL/MOL-K              0.0    
   CAL/GM-K               0.0    
 DENSITY:         
   MOL/CC              4.0875-05 
   GM/CC               1.3079-03 
 AVG MW                  31.9988 
 
 5                                        
 - 
 
 STREAM ID               5        
 FROM :                  C-103    
463
 TO   :                  MIX1     
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01             764.0912 
   CARBO-01               0.0    
   WATER                  0.0    
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR              764.0912 
   KG/HR               2.4450+04 
   L/MIN               2.6293+05 
 STATE VARIABLES: 
   TEMP   C              53.9538 
   PRES   BAR             1.3172 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL              203.4687 
   CAL/GM                 6.3586 
   CAL/SEC             4.3186+04 
 ENTROPY:         
   CAL/MOL-K              0.1303 
   CAL/GM-K            4.0708-03 
 DENSITY:         
   MOL/CC              4.8434-05 
   GM/CC               1.5498-03 
 AVG MW                  31.9988 
 
 6                                        
 - 
 
 STREAM ID               6        
 FROM :                  ----     
 TO   :                  C-104    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01               0.0    
   CARBO-01            1.3804+04 
   WATER                  0.0    
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR             1.3804+04 
   KG/HR               6.0750+05 
   L/MIN               5.6285+06 
 STATE VARIABLES: 
   TEMP   C              25.0000 
464
   PRES   BAR             1.0133 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -9.3988+04 
   CAL/GM             -2135.6209 
   CAL/SEC            -3.6039+08 
 ENTROPY:         
   CAL/MOL-K              0.6889 
   CAL/GM-K            1.5654-02 
 DENSITY:         
   MOL/CC              4.0875-05 
   GM/CC               1.7989-03 
 AVG MW                  44.0098 
 
 7                                        
 - 
 
 STREAM ID               7        
 FROM :                  C-104    
 TO   :                  MIX1     
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01               0.0    
   CARBO-01            1.3804+04 
   WATER                  0.0    
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR             1.3804+04 
   KG/HR               6.0750+05 
   L/MIN               4.6534+06 
 STATE VARIABLES: 
   TEMP   C              47.3011 
   PRES   BAR             1.3172 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -9.3787+04 
   CAL/GM             -2131.0452 
   CAL/SEC            -3.5961+08 
 ENTROPY:         
   CAL/MOL-K              0.8192 
   CAL/GM-K            1.8613-02 
 DENSITY:         
   MOL/CC              4.9439-05 
   GM/CC               2.1758-03 
 AVG MW                  44.0098 
 
 8                                        
 - 
 
 STREAM ID               8        
 FROM :                  MIX1     
465
 TO   :                  R-105    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01             768.9980 
   OXYGE-01             764.0912 
   CARBO-01            1.3804+04 
   WATER                 27.0895 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR             1.5371+04 
   KG/HR               6.6810+05 
   L/MIN               6.8463+06 
 STATE VARIABLES: 
   TEMP   C              52.5285 
   PRES   BAR             1.0133 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -8.7079+04 
   CAL/GM             -2003.4734 
   CAL/SEC            -3.7181+08 
 ENTROPY:         
   CAL/MOL-K             -0.4669 
   CAL/GM-K           -1.0742-02 
 DENSITY:         
   MOL/CC              3.7420-05 
   GM/CC               1.6264-03 
 AVG MW                  43.4642 
 
 9                                        
 - 
 
 STREAM ID               9        
 FROM :                  R-105    
 TO   :                  C-201    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01             153.7996 
   OXYGE-01             410.3521 
   CARBO-01            1.3841+04 
   WATER                679.1998 
   ETHYL-01             584.4385 
   ACETA-01              12.3040 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR             1.5688+04 
   KG/HR               6.6810+05 
   L/MIN               1.0151+07 
 STATE VARIABLES: 
   TEMP   C             200.0000 
466
   PRES   BAR             1.0133 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -8.4759+04 
   CAL/GM             -1990.2859 
   CAL/SEC            -3.6936+08 
 ENTROPY:         
   CAL/MOL-K              3.9871 
   CAL/GM-K            9.3623-02 
 DENSITY:         
   MOL/CC              2.5757-05 
   GM/CC               1.0969-03 
 AVG MW                  42.5865 
 
 10                                       
 -- 
 
 STREAM ID               10       
 FROM :                  C-201    
 TO   :                  E-202-A  
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01             153.7996 
   OXYGE-01             410.3521 
   CARBO-01            1.3841+04 
   WATER                679.1998 
   ETHYL-01             584.4385 
   ACETA-01              12.3040 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR             1.5688+04 
   KG/HR               6.6810+05 
   L/MIN               7.0620+06 
 STATE VARIABLES: 
   TEMP   C             253.4964 
   PRES   BAR             1.6212 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -8.4176+04 
   CAL/GM             -1976.6009 
   CAL/SEC            -3.6682+08 
 ENTROPY:         
   CAL/MOL-K              4.2203 
   CAL/GM-K            9.9099-02 
 DENSITY:         
   MOL/CC              3.7025-05 
   GM/CC               1.5767-03 
 AVG MW                  42.5865 
 
 11                                       
 -- 
 
 STREAM ID               11       
 FROM :                  E-202-A  
467
 TO   :                  E-202-B  
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01             153.7996 
   OXYGE-01             410.3521 
   CARBO-01            1.3841+04 
   WATER                679.1998 
   ETHYL-01             584.4385 
   ACETA-01              12.3040 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR             1.5688+04 
   KG/HR               6.6810+05 
   L/MIN               5.8192+06 
 STATE VARIABLES: 
   TEMP   C              79.4440 
   PRES   BAR             1.3172 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -8.5987+04 
   CAL/GM             -2019.1228 
   CAL/SEC            -3.7472+08 
 ENTROPY:         
   CAL/MOL-K              0.4780 
   CAL/GM-K            1.1225-02 
 DENSITY:         
   MOL/CC              4.4932-05 
   GM/CC               1.9135-03 
 AVG MW                  42.5865 
 
 12                                       
 -- 
 
 STREAM ID               12       
 FROM :                  E-202-B  
 TO   :                  A-205    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   ETHAN-01             153.7996 
   OXYGE-01             410.3521 
   CARBO-01            1.3841+04 
   WATER                679.1998 
   ETHYL-01             584.4385 
   ACETA-01              12.3040 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR             1.5688+04 
   KG/HR               6.6810+05 
   L/MIN               4.5897+06 
 STATE VARIABLES: 
   TEMP   C              15.0000 
468
   PRES   BAR             1.3172 
   VFRAC                  0.9651 
   LFRAC               3.4920-02 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -8.6953+04 
   CAL/GM             -2041.8077 
   CAL/SEC            -3.7893+08 
 ENTROPY:         
   CAL/MOL-K             -2.6203 
   CAL/GM-K           -6.1529-02 
 DENSITY:         
   MOL/CC              5.6968-05 
   GM/CC               2.4261-03 
 AVG MW                  42.5865 
 
 13                                       
 -- 
 
 STREAM ID               13       
 FROM :                  ----     
 TO   :                  P-203    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               9.6585+04 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR             9.6585+04 
   KG/HR               1.7400+06 
   L/MIN               2.9383+04 
 STATE VARIABLES: 
   TEMP   C              32.2222 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8134+04 
   CAL/GM             -3781.9979 
   CAL/SEC            -1.8280+09 
 ENTROPY:         
   CAL/MOL-K            -38.5412 
   CAL/GM-K              -2.1394 
 DENSITY:         
   MOL/CC              5.4785-02 
   GM/CC                  0.9870 
 AVG MW                  18.0153 
 
 14                                       
 -- 
 
 STREAM ID               14       
 FROM :                  P-203    
469
 TO   :                  E-204    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               9.6585+04 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR             9.6585+04 
   KG/HR               1.7400+06 
   L/MIN               2.9383+04 
 STATE VARIABLES: 
   TEMP   C              32.2315 
   PRES   BAR             1.3172 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8134+04 
   CAL/GM             -3781.9887 
   CAL/SEC            -1.8280+09 
 ENTROPY:         
   CAL/MOL-K            -38.5407 
   CAL/GM-K              -2.1393 
 DENSITY:         
   MOL/CC              5.4784-02 
   GM/CC                  0.9870 
 AVG MW                  18.0153 
 
 15                                       
 -- 
 
 STREAM ID               15       
 FROM :                  E-204    
 TO   :                  A-205    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               9.6585+04 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR             9.6585+04 
   KG/HR               1.7400+06 
   L/MIN               2.8626+04 
 STATE VARIABLES: 
   TEMP   C               5.0000 
470
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8614+04 
   CAL/GM             -3808.6501 
   CAL/SEC            -1.8408+09 
 ENTROPY:         
   CAL/MOL-K            -40.1789 
   CAL/GM-K              -2.2303 
 DENSITY:         
   MOL/CC              5.6233-02 
   GM/CC                  1.0130 
 AVG MW                  18.0153 
 
 16                                       
 -- 
 
 STREAM ID               16       
 FROM :                  A-205    
 TO   :                  EO-SPLIT 
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01             153.7996 
   OXYGE-01               0.1121 
   CARBO-01             124.0081 
   WATER               9.7138+04 
   ETHYL-01             570.8943 
   ACETA-01              12.3039 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR             9.8006+04 
   KG/HR               1.7884+06 
   L/MIN               2.9582+04 
 STATE VARIABLES: 
   TEMP   C               9.5360 
   PRES   BAR             1.3172 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8282+04 
   CAL/GM             -3741.8634 
   CAL/SEC            -1.8589+09 
 ENTROPY:         
   CAL/MOL-K            -39.9663 
   CAL/GM-K              -2.1902 
 DENSITY:         
   MOL/CC              5.5218-02 
   GM/CC                  1.0076 
 AVG MW                  18.2482 
 
 17                                       
 -- 
 
 STREAM ID               17       
 FROM :                  A-205    
471
 TO   :                  C-206    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01            1.2001-15 
   OXYGE-01             410.2399 
   CARBO-01            1.3717+04 
   WATER                126.1006 
   ETHYL-01              13.5441 
   ACETA-01            2.3489-05 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01            3.2160-17 
 TOTAL FLOW:      
   KMOL/HR             1.4267+04 
   KG/HR               6.1966+05 
   L/MIN               5.4349+06 
 STATE VARIABLES: 
   TEMP   C               5.4083 
   PRES   BAR             1.0133 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -9.1059+04 
   CAL/GM             -2096.4534 
   CAL/SEC            -3.6086+08 
 ENTROPY:         
   CAL/MOL-K              0.3201 
   CAL/GM-K            7.3690-03 
 DENSITY:         
   MOL/CC              4.3750-05 
   GM/CC               1.9002-03 
 AVG MW                  43.4347 
 
 18                                       
 -- 
 
 STREAM ID               18       
 FROM :                  C-206    
 TO   :                  GR-MIX   
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01            1.2001-15 
   OXYGE-01             410.2399 
   CARBO-01            1.3717+04 
   WATER                126.1006 
   ETHYL-01              13.5441 
   ACETA-01            2.3489-05 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01            3.2160-17 
 TOTAL FLOW:      
   KMOL/HR             1.4267+04 
   KG/HR               6.1966+05 
   L/MIN               3.4202+06 
 STATE VARIABLES: 
   TEMP   C              59.9172 
472
   PRES   BAR             1.9252 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -9.0573+04 
   CAL/GM             -2085.2570 
   CAL/SEC            -3.5893+08 
 ENTROPY:         
   CAL/MOL-K              0.6382 
   CAL/GM-K            1.4694-02 
 DENSITY:         
   MOL/CC              6.9520-05 
   GM/CC               3.0196-03 
 AVG MW                  43.4347 
 
 19                                       
 -- 
 
 STREAM ID               19       
 FROM :                  EO-SPLIT 
 TO   :                  P-207    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   ETHAN-01              51.2665 
   OXYGE-01            3.7375-02 
   CARBO-01              41.3360 
   WATER               3.2379+04 
   ETHYL-01             190.2981 
   ACETA-01               4.1013 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               2.4444 
 TOTAL FLOW:      
   KMOL/HR             3.2669+04 
   KG/HR               5.9615+05 
   L/MIN               1.3544+04 
 STATE VARIABLES: 
   TEMP   C               9.4446 
   PRES   BAR             1.0133 
   VFRAC               2.9225-04 
   LFRAC                  0.9997 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8282+04 
   CAL/GM             -3741.8634 
   CAL/SEC            -6.1964+08 
 ENTROPY:         
   CAL/MOL-K            -39.9662 
   CAL/GM-K              -2.1901 
 DENSITY:         
   MOL/CC              4.0200-02 
   GM/CC                  0.7336 
 AVG MW                  18.2482 
 
 20                                       
 -- 
 
 STREAM ID               20       
 FROM :                  EO-SPLIT 
473
 TO   :                  P-208    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   ETHAN-01              51.2665 
   OXYGE-01            3.7375-02 
   CARBO-01              41.3360 
   WATER               3.2379+04 
   ETHYL-01             190.2981 
   ACETA-01               4.1013 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               2.4444 
 TOTAL FLOW:      
   KMOL/HR             3.2669+04 
   KG/HR               5.9615+05 
   L/MIN               1.3544+04 
 STATE VARIABLES: 
   TEMP   C               9.4446 
   PRES   BAR             1.0133 
   VFRAC               2.9225-04 
   LFRAC                  0.9997 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8282+04 
   CAL/GM             -3741.8634 
   CAL/SEC            -6.1964+08 
 ENTROPY:         
   CAL/MOL-K            -39.9662 
   CAL/GM-K              -2.1901 
 DENSITY:         
   MOL/CC              4.0200-02 
   GM/CC                  0.7336 
 AVG MW                  18.2482 
 
 21                                       
 -- 
 
 STREAM ID               21       
 FROM :                  EO-SPLIT 
 TO   :                  P-209    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   ETHAN-01              51.2665 
   OXYGE-01            3.7375-02 
   CARBO-01              41.3360 
   WATER               3.2379+04 
   ETHYL-01             190.2981 
   ACETA-01               4.1013 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               2.4444 
 TOTAL FLOW:      
   KMOL/HR             3.2669+04 
   KG/HR               5.9615+05 
   L/MIN               1.3544+04 
 STATE VARIABLES: 
   TEMP   C               9.4446 
474
   PRES   BAR             1.0133 
   VFRAC               2.9225-04 
   LFRAC                  0.9997 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8282+04 
   CAL/GM             -3741.8634 
   CAL/SEC            -6.1964+08 
 ENTROPY:         
   CAL/MOL-K            -39.9662 
   CAL/GM-K              -2.1901 
 DENSITY:         
   MOL/CC              4.0200-02 
   GM/CC                  0.7336 
 AVG MW                  18.2482 
 
 22                                       
 -- 
 
 STREAM ID               22       
 FROM :                  P-207    
 TO   :                  EO-MIX   
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01              51.2665 
   OXYGE-01            3.7375-02 
   CARBO-01              41.3360 
   WATER               3.2379+04 
   ETHYL-01             190.2981 
   ACETA-01               4.1013 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               2.4444 
 TOTAL FLOW:      
   KMOL/HR             3.2669+04 
   KG/HR               5.9615+05 
   L/MIN               9862.1441 
 STATE VARIABLES: 
   TEMP   C               9.7023 
   PRES   BAR             4.9649 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8279+04 
   CAL/GM             -3741.7026 
   CAL/SEC            -6.1961+08 
 ENTROPY:         
   CAL/MOL-K            -39.9560 
   CAL/GM-K              -2.1896 
 DENSITY:         
   MOL/CC              5.5209-02 
   GM/CC                  1.0075 
 AVG MW                  18.2482 
 
 23                                       
 -- 
 
 STREAM ID               23       
 FROM :                  P-208    
475
 TO   :                  EO-MIX   
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01              51.2665 
   OXYGE-01            3.7375-02 
   CARBO-01              41.3360 
   WATER               3.2379+04 
   ETHYL-01             190.2981 
   ACETA-01               4.1013 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               2.4444 
 TOTAL FLOW:      
   KMOL/HR             3.2669+04 
   KG/HR               5.9615+05 
   L/MIN               9861.7189 
 STATE VARIABLES: 
   TEMP   C               9.6571 
   PRES   BAR             4.9649 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8280+04 
   CAL/GM             -3741.7463 
   CAL/SEC            -6.1962+08 
 ENTROPY:         
   CAL/MOL-K            -39.9588 
   CAL/GM-K              -2.1897 
 DENSITY:         
   MOL/CC              5.5211-02 
   GM/CC                  1.0075 
 AVG MW                  18.2482 
 
 24                                       
 -- 
 
 STREAM ID               24       
 FROM :                  P-209    
 TO   :                  EO-MIX   
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01              51.2665 
   OXYGE-01            3.7375-02 
   CARBO-01              41.3360 
   WATER               3.2379+04 
   ETHYL-01             190.2981 
   ACETA-01               4.1013 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               2.4444 
 TOTAL FLOW:      
   KMOL/HR             3.2669+04 
   KG/HR               5.9615+05 
   L/MIN               9861.7189 
 STATE VARIABLES: 
   TEMP   C               9.6571 
476
   PRES   BAR             4.9649 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8280+04 
   CAL/GM             -3741.7463 
   CAL/SEC            -6.1962+08 
 ENTROPY:         
   CAL/MOL-K            -39.9588 
   CAL/GM-K              -2.1897 
 DENSITY:         
   MOL/CC              5.5211-02 
   GM/CC                  1.0075 
 AVG MW                  18.2482 
 
 25                                       
 -- 
 
 STREAM ID               25       
 FROM :                  EO-MIX   
 TO   :                  E-210    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01             153.7996 
   OXYGE-01               0.1121 
   CARBO-01             124.0081 
   WATER               9.7138+04 
   ETHYL-01             570.8943 
   ACETA-01              12.3039 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR             9.8006+04 
   KG/HR               1.7884+06 
   L/MIN               2.9586+04 
 STATE VARIABLES: 
   TEMP   C               9.6722 
   PRES   BAR             4.6610 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8280+04 
   CAL/GM             -3741.7317 
   CAL/SEC            -1.8588+09 
 ENTROPY:         
   CAL/MOL-K            -39.9579 
   CAL/GM-K              -2.1897 
 DENSITY:         
   MOL/CC              5.5211-02 
   GM/CC                  1.0075 
 AVG MW                  18.2482 
 
 26                                       
 -- 
 
 STREAM ID               26       
 FROM :                  E-210    
477
 TO   :                  D-211    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   ETHAN-01             153.7996 
   OXYGE-01               0.1121 
   CARBO-01             124.0081 
   WATER               9.7138+04 
   ETHYL-01             570.8943 
   ACETA-01              12.3039 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR             9.8006+04 
   KG/HR               1.7884+06 
   L/MIN               4.5230+04 
 STATE VARIABLES: 
   TEMP   C              98.0000 
   PRES   BAR             4.3570 
   VFRAC               1.1095-03 
   LFRAC                  0.9989 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.6638+04 
   CAL/GM             -3651.7639 
   CAL/SEC            -1.8142+09 
 ENTROPY:         
   CAL/MOL-K            -34.9606 
   CAL/GM-K              -1.9158 
 DENSITY:         
   MOL/CC              3.6114-02 
   GM/CC                  0.6590 
 AVG MW                  18.2482 
 
 27                                       
 -- 
 
 STREAM ID               27       
 FROM :                  D-211    
 TO   :                  E-301    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01             148.7301 
   OXYGE-01            3.3529-18 
   CARBO-01            6.1240-14 
   WATER               9.7090+04 
   ETHYL-01               0.7839 
   ACETA-01              12.0839 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.1918 
 TOTAL FLOW:      
   KMOL/HR             9.7259+04 
   KG/HR               1.7568+06 
   L/MIN               3.3799+04 
 STATE VARIABLES: 
   TEMP   C             146.2199 
478
   PRES   BAR             4.3570 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.5897+04 
   CAL/GM             -3648.2630 
   CAL/SEC            -1.7803+09 
 ENTROPY:         
   CAL/MOL-K            -32.5280 
   CAL/GM-K              -1.8008 
 DENSITY:         
   MOL/CC              4.7959-02 
   GM/CC                  0.8663 
 AVG MW                  18.0627 
 
 28                                       
 -- 
 
 STREAM ID               28       
 FROM :                  D-211    
 TO   :                  P-401    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               5.0653 
   OXYGE-01            2.0938-04 
   CARBO-01               9.4925 
   WATER                 47.2965 
   ETHYL-01             542.3748 
   ACETA-01               0.2145 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.1413 
 TOTAL FLOW:      
   KMOL/HR              604.5852 
   KG/HR               2.5410+04 
   L/MIN                467.9959 
 STATE VARIABLES: 
   TEMP   C               5.0000 
   PRES   BAR             4.0530 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -2.4519+04 
   CAL/GM              -583.3834 
   CAL/SEC            -4.1178+06 
 ENTROPY:         
   CAL/MOL-K            -52.4828 
   CAL/GM-K              -1.2487 
 DENSITY:         
   MOL/CC              2.1531-02 
   GM/CC                  0.9049 
 AVG MW                  42.0296 
 
 29                                       
 -- 
 
 STREAM ID               29       
 FROM :                  D-211    
479
 TO   : GR-MIX  
 SUBSTREAM: MIXED   
 PHASE: VAPOR  
 COMPONENTS: KMOL/HR
   ETHAN-01 4.2147-03 
   OXYGE-01 0.1119 
   CARBO-01 114.5155 
   WATER 0.2132 
   ETHYL-01 27.7357 
   ACETA-01 5.4688-03 
   ETHYL-02 0.0   
   DIETH-01 0.0   
   TRIET-01 0.0   
   METHA-01 1.5132-04 
 TOTAL FLOW:
   KMOL/HR 142.5862 
   KG/HR 6269.5133 
   L/MIN 1.3560+04 
 STATE VARIABLES: 
   TEMP   C 5.0000 
   PRES   BAR 4.0530 
   VFRAC 1.0000 
   LFRAC 0.0   
   SFRAC 0.0   
 ENTHALPY:
   CAL/MOL -7.8204+04
   CAL/GM -1778.5816
   CAL/SEC -3.0975+06
 ENTROPY:
   CAL/MOL-K -7.9839
   CAL/GM-K -0.1816
 DENSITY:
   MOL/CC 1.7525-04 
   GM/CC 7.7060-03 
 AVG MW 43.9700 
 30
 -- 
 STREAM ID 30
 FROM : GR-MIX  
 TO   : GAS-SPLT 
 SUBSTREAM: MIXED   
 PHASE: VAPOR  
 COMPONENTS: KMOL/HR
   ETHAN-01 4.2147-03 
   OXYGE-01 410.3519 
   CARBO-01 1.3831+04 
   WATER 126.3139 
   ETHYL-01 41.2798 
   ACETA-01 5.4923-03 
   ETHYL-02 0.0   
   DIETH-01 0.0   
   TRIET-01 0.0   
   METHA-01 1.5132-04 
 TOTAL FLOW:
   KMOL/HR 1.4409+04 
   KG/HR 6.2593+05 
   L/MIN 4.0952+06 
 STATE VARIABLES: 
   TEMP   C 59.3577 
480
   PRES   BAR 1.6212 
   VFRAC 1.0000 
   LFRAC 0.0   
   SFRAC 0.0   
 ENTHALPY:
   CAL/MOL -9.0450+04
   CAL/GM -2082.1852
   CAL/SEC -3.6203+08
 ENTROPY:
   CAL/MOL-K 0.9251 
   CAL/GM-K 2.1296-02 
 DENSITY:
   MOL/CC 5.8642-05 
   GM/CC  2.5474-03 
 AVG MW 43.4400 
 31
 -- 
 STREAM ID 31
 FROM : GAS-SPLT 
 TO   : ----
 SUBSTREAM: MIXED   
 PHASE: VAPOR  
 COMPONENTS: KMOL/HR
   ETHAN-01 4.1725-03 
   OXYGE-01 406.2483 
   CARBO-01 1.3693+04 
   WATER 125.0507 
   ETHYL-01 40.8670 
   ACETA-01 5.4374-03 
   ETHYL-02 0.0   
   DIETH-01 0.0   
   TRIET-01 0.0   
   METHA-01 1.4981-04 
 TOTAL FLOW:
   KMOL/HR 1.4265+04 
   KG/HR 6.1967+05 
   L/MIN 4.9899+06 
 STATE VARIABLES: 
   TEMP   C    59.3577 
   PRES   BAR 1.3172 
   VFRAC 1.0000 
   LFRAC 0.0   
   SFRAC 0.0   
 ENTHALPY:
   CAL/MOL -9.0450+04
   CAL/GM -2082.1852
   CAL/SEC -3.5841+08
 ENTROPY:
   CAL/MOL-K 1.3375 
   CAL/GM-K 3.0789-02 
 DENSITY:
   MOL/CC 4.7647-05 
   GM/CC 2.0698-03 
 AVG MW 43.4400 
 32
 -- 
 STREAM ID 32
 FROM : GAS-SPLT 
481
 TO   :                  PRGE-MIX 
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01            4.2147-05 
   OXYGE-01               4.1035 
   CARBO-01             138.3116 
   WATER                  1.2631 
   ETHYL-01               0.4128 
   ACETA-01            5.4923-05 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01            1.5132-06 
 TOTAL FLOW:      
   KMOL/HR              144.0912 
   KG/HR               6259.3202 
   L/MIN               5.0403+04 
 STATE VARIABLES: 
   TEMP   C              59.3577 
   PRES   BAR             1.3172 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -9.0450+04 
   CAL/GM             -2082.1852 
   CAL/SEC            -3.6203+06 
 ENTROPY:         
   CAL/MOL-K              1.3375 
   CAL/GM-K            3.0789-02 
 DENSITY:         
   MOL/CC              4.7647-05 
   GM/CC               2.0698-03 
 AVG MW                  43.4400 
 
 33                                       
 -- 
 
 STREAM ID               33       
 FROM :                  E-301    
 TO   :                  D-302    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01             148.7301 
   OXYGE-01            3.3529-18 
   CARBO-01            6.1240-14 
   WATER               9.7090+04 
   ETHYL-01               0.7839 
   ACETA-01              12.0839 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.1918 
 TOTAL FLOW:      
   KMOL/HR             9.7259+04 
   KG/HR               1.7568+06 
   L/MIN               3.2090+04 
 STATE VARIABLES: 
   TEMP   C             104.4444 
482
   PRES   BAR 4.0530 
   VFRAC 0.0   
   LFRAC 1.0000 
   SFRAC 0.0   
 ENTHALPY:
   CAL/MOL -6.6772+04
   CAL/GM -3696.6614
   CAL/SEC -1.8039+09
 ENTROPY:
   CAL/MOL-K -34.6515
   CAL/GM-K -1.9184
 DENSITY:
   MOL/CC 5.0514-02 
   GM/CC 0.9124 
 AVG MW 18.0627 
 34
 -- 
 STREAM ID 34
 FROM : D-302
 TO   : W1-MIX  
 SUBSTREAM: MIXED   
 PHASE: LIQUID 
 COMPONENTS: KMOL/HR
   ETHAN-01 17.6886 
   OXYGE-01 0.0   
   CARBO-01 0.0   
   WATER 9.7047+04 
   ETHYL-01 2.9798-08 
   ACETA-01 3.6172 
   ETHYL-02 0.0   
   DIETH-01 0.0   
   TRIET-01 0.0   
   METHA-01 3.1525 
 TOTAL FLOW:
   KMOL/HR 9.7072+04 
   KG/HR 1.7494+06 
   L/MIN 3.2035+04 
 STATE VARIABLES: 
   TEMP   C 107.4730 
   PRES   BAR 1.3172 
   VFRAC 0.0   
   LFRAC 1.0000 
   SFRAC 0.0   
 ENTHALPY:
   CAL/MOL -6.6721+04
   CAL/GM -3702.2389
   CAL/SEC -1.7991+09
 ENTROPY:
   CAL/MOL-K -34.4646
   CAL/GM-K -1.9124
 DENSITY:
   MOL/CC 5.0503-02 
   GM/CC 0.9102 
 AVG MW 18.0218 
 35
 -- 
 STREAM ID 35
 FROM : D-302
483
 TO   :                  P-303    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01             131.0415 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                 43.0799 
   ETHYL-01               0.7839 
   ACETA-01               8.4668 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               4.0393 
 TOTAL FLOW:      
   KMOL/HR              187.4113 
   KG/HR               7350.0000 
   L/MIN                161.6629 
 STATE VARIABLES: 
   TEMP   C              72.6532 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.4156+04 
   CAL/GM             -1635.8465 
   CAL/SEC            -3.3399+06 
 ENTROPY:         
   CAL/MOL-K            -65.1331 
   CAL/GM-K              -1.6608 
 DENSITY:         
   MOL/CC              1.9321-02 
   GM/CC                  0.7577 
 AVG MW                  39.2185 
 
 36                                       
 -- 
 
 STREAM ID               36       
 FROM :                  P-303    
 TO   :                  E-304    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01             131.0415 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                 43.0799 
   ETHYL-01               0.7839 
   ACETA-01               8.4668 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               4.0393 
 TOTAL FLOW:      
   KMOL/HR              187.4113 
   KG/HR               7350.0000 
   L/MIN                161.7151 
 STATE VARIABLES: 
   TEMP   C              72.8431 
484
   PRES   BAR             5.4948 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.4149+04 
   CAL/GM             -1635.6699 
   CAL/SEC            -3.3395+06 
 ENTROPY:         
   CAL/MOL-K            -65.1135 
   CAL/GM-K              -1.6603 
 DENSITY:         
   MOL/CC              1.9315-02 
   GM/CC                  0.7575 
 AVG MW                  39.2185 
 
 37                                       
 -- 
 
 STREAM ID               37       
 FROM :                  E-304    
 TO   :                  D-305    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01             131.0415 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                 43.0799 
   ETHYL-01               0.7839 
   ACETA-01               8.4668 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               4.0393 
 TOTAL FLOW:      
   KMOL/HR              187.4113 
   KG/HR               7350.0000 
   L/MIN               2.1115+04 
 STATE VARIABLES: 
   TEMP   C             148.8889 
   PRES   BAR             5.1909 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.3540+04 
   CAL/GM             -1365.1683 
   CAL/SEC            -2.7872+06 
 ENTROPY:         
   CAL/MOL-K            -38.3016 
   CAL/GM-K              -0.9766 
 DENSITY:         
   MOL/CC              1.4793-04 
   GM/CC               5.8017-03 
 AVG MW                  39.2185 
 
 38                                       
 -- 
 
 STREAM ID               38       
 FROM :                  D-305    
485
 TO   :                  W1-MIX   
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   ETHAN-01               1.3104 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                 42.1454 
   ETHYL-01            7.8386-03 
   ACETA-01            8.4668-02 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01            4.0393-02 
 TOTAL FLOW:      
   KMOL/HR               43.5887 
   KG/HR                825.0000 
   L/MIN                757.4436 
 STATE VARIABLES: 
   TEMP   C             148.8889 
   PRES   BAR             5.1909 
   VFRAC                  0.1515 
   LFRAC                  0.8485 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.4109+04 
   CAL/GM             -3387.1710 
   CAL/SEC            -7.7623+05 
 ENTROPY:         
   CAL/MOL-K            -29.5943 
   CAL/GM-K              -1.5636 
 DENSITY:         
   MOL/CC              9.5912-04 
   GM/CC               1.8153-02 
 AVG MW                  18.9269 
 
 39                                       
 -- 
 
 STREAM ID               39       
 FROM :                  D-305    
 TO   :                  ETH-SPLT 
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01             129.7311 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                  0.9345 
   ETHYL-01               0.7760 
   ACETA-01               8.3821 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               3.9989 
 TOTAL FLOW:      
   KMOL/HR              143.8226 
   KG/HR               6525.0000 
   L/MIN               1.6204+04 
 STATE VARIABLES: 
   TEMP   C             148.8889 
486
   PRES   BAR             5.1909 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.2608+04 
   CAL/GM             -1159.5777 
   CAL/SEC            -2.1017+06 
 ENTROPY:         
   CAL/MOL-K            -47.5122 
   CAL/GM-K              -1.0473 
 DENSITY:         
   MOL/CC              1.4793-04 
   GM/CC               6.7114-03 
 AVG MW                  45.3684 
 
 40                                       
 -- 
 
 STREAM ID               40       
 FROM :                  ETH-SPLT 
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01             125.8392 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                  0.9065 
   ETHYL-01               0.7527 
   ACETA-01               8.1306 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               3.8789 
 TOTAL FLOW:      
   KMOL/HR              139.5080 
   KG/HR               6329.2500 
   L/MIN               1.6695+04 
 STATE VARIABLES: 
   TEMP   C             148.8889 
   PRES   BAR             4.8869 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.2608+04 
   CAL/GM             -1159.5777 
   CAL/SEC            -2.0387+06 
 ENTROPY:         
   CAL/MOL-K            -47.3923 
   CAL/GM-K              -1.0446 
 DENSITY:         
   MOL/CC              1.3927-04 
   GM/CC               6.3184-03 
 AVG MW                  45.3684 
 
 41                                       
 -- 
 
 STREAM ID               41       
 FROM :                  ETH-SPLT 
487
 TO   :                  PRGE-MIX 
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               3.8919 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               2.8036-02 
   ETHYL-01            2.3281-02 
   ACETA-01               0.2515 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.1200 
 TOTAL FLOW:      
   KMOL/HR                4.3147 
   KG/HR                195.7500 
   L/MIN                516.3501 
 STATE VARIABLES: 
   TEMP   C             148.8889 
   PRES   BAR             4.8869 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.2608+04 
   CAL/GM             -1159.5777 
   CAL/SEC            -6.3052+04 
 ENTROPY:         
   CAL/MOL-K            -47.3923 
   CAL/GM-K              -1.0446 
 DENSITY:         
   MOL/CC              1.3927-04 
   GM/CC               6.3184-03 
 AVG MW                  45.3684 
 
 42                                       
 -- 
 
 STREAM ID               42       
 FROM :                  W1-MIX   
 TO   :                  W1P-SPLI 
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   ETHAN-01              18.9990 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               9.7089+04 
   ETHYL-01            7.8387-03 
   ACETA-01               3.7019 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               3.1929 
 TOTAL FLOW:      
   KMOL/HR             9.7115+04 
   KG/HR               1.7502+06 
   L/MIN               7.9718+05 
 STATE VARIABLES: 
   TEMP   C              99.9468 
488
   PRES   BAR             1.0133 
   VFRAC               1.5456-02 
   LFRAC                  0.9845 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.6720+04 
   CAL/GM             -3702.0904 
   CAL/SEC            -1.7999+09 
 ENTROPY:         
   CAL/MOL-K            -34.4497 
   CAL/GM-K              -1.9115 
 DENSITY:         
   MOL/CC              2.0304-03 
   GM/CC               3.6592-02 
 AVG MW                  18.0222 
 
 43                                       
 -- 
 
 STREAM ID               43       
 FROM :                  W1P-SPLI 
 TO   :                  P-306    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   ETHAN-01               6.3330 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               3.2363+04 
   ETHYL-01            2.6129-03 
   ACETA-01               1.2340 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               1.0643 
 TOTAL FLOW:      
   KMOL/HR             3.2372+04 
   KG/HR               5.8341+05 
   L/MIN               8.0351+05 
 STATE VARIABLES: 
   TEMP   C              90.2495 
   PRES   BAR             0.7093 
   VFRAC               3.4521-02 
   LFRAC                  0.9655 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.6720+04 
   CAL/GM             -3702.0904 
   CAL/SEC            -5.9996+08 
 ENTROPY:         
   CAL/MOL-K            -34.4233 
   CAL/GM-K              -1.9100 
 DENSITY:         
   MOL/CC              6.7146-04 
   GM/CC               1.2101-02 
 AVG MW                  18.0222 
 
 44                                       
 -- 
 
 STREAM ID               44       
 FROM :                  W1P-SPLI 
489
 TO   :                  P-307    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   ETHAN-01               6.3330 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               3.2363+04 
   ETHYL-01            2.6129-03 
   ACETA-01               1.2340 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               1.0643 
 TOTAL FLOW:      
   KMOL/HR             3.2372+04 
   KG/HR               5.8341+05 
   L/MIN               8.0351+05 
 STATE VARIABLES: 
   TEMP   C              90.2495 
   PRES   BAR             0.7093 
   VFRAC               3.4521-02 
   LFRAC                  0.9655 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.6720+04 
   CAL/GM             -3702.0904 
   CAL/SEC            -5.9996+08 
 ENTROPY:         
   CAL/MOL-K            -34.4233 
   CAL/GM-K              -1.9100 
 DENSITY:         
   MOL/CC              6.7146-04 
   GM/CC               1.2101-02 
 AVG MW                  18.0222 
 
 45                                       
 -- 
 
 STREAM ID               45       
 FROM :                  W1P-SPLI 
 TO   :                  P-308    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   ETHAN-01               6.3330 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               3.2363+04 
   ETHYL-01            2.6129-03 
   ACETA-01               1.2340 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               1.0643 
 TOTAL FLOW:      
   KMOL/HR             3.2372+04 
   KG/HR               5.8341+05 
   L/MIN               8.0351+05 
 STATE VARIABLES: 
   TEMP   C              90.2495 
490
   PRES   BAR             0.7093 
   VFRAC               3.4521-02 
   LFRAC                  0.9655 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.6720+04 
   CAL/GM             -3702.0904 
   CAL/SEC            -5.9996+08 
 ENTROPY:         
   CAL/MOL-K            -34.4233 
   CAL/GM-K              -1.9100 
 DENSITY:         
   MOL/CC              6.7146-04 
   GM/CC               1.2101-02 
 AVG MW                  18.0222 
 
 46                                       
 -- 
 
 STREAM ID               46       
 FROM :                  P-306    
 TO   :                  E-309-A  
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               6.3330 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               3.2363+04 
   ETHYL-01            2.6129-03 
   ACETA-01               1.2340 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               1.0643 
 TOTAL FLOW:      
   KMOL/HR             3.2372+04 
   KG/HR               5.8341+05 
   L/MIN               1.0735+04 
 STATE VARIABLES: 
   TEMP   C             111.5784 
   PRES   BAR             2.5331 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.6639+04 
   CAL/GM             -3697.5907 
   CAL/SEC            -5.9923+08 
 ENTROPY:         
   CAL/MOL-K            -34.2552 
   CAL/GM-K              -1.9007 
 DENSITY:         
   MOL/CC              5.0257-02 
   GM/CC                  0.9057 
 AVG MW                  18.0222 
 
 47                                       
 -- 
 
 STREAM ID               47       
 FROM :                  P-307    
491
 TO   :                  E-310-A  
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               6.3330 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               3.2363+04 
   ETHYL-01            2.6129-03 
   ACETA-01               1.2340 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               1.0643 
 TOTAL FLOW:      
   KMOL/HR             3.2372+04 
   KG/HR               5.8341+05 
   L/MIN               1.0727+04 
 STATE VARIABLES: 
   TEMP   C             110.9055 
   PRES   BAR             2.2292 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.6652+04 
   CAL/GM             -3698.3407 
   CAL/SEC            -5.9935+08 
 ENTROPY:         
   CAL/MOL-K            -34.2895 
   CAL/GM-K              -1.9026 
 DENSITY:         
   MOL/CC              5.0297-02 
   GM/CC                  0.9065 
 AVG MW                  18.0222 
 
 48                                       
 -- 
 
 STREAM ID               48       
 FROM :                  P-308    
 TO   :                  E-311-A  
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               6.3330 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               3.2363+04 
   ETHYL-01            2.6129-03 
   ACETA-01               1.2340 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               1.0643 
 TOTAL FLOW:      
   KMOL/HR             3.2372+04 
   KG/HR               5.8341+05 
   L/MIN               1.0735+04 
 STATE VARIABLES: 
   TEMP   C             111.5784 
492
   PRES   BAR             2.5331 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.6639+04 
   CAL/GM             -3697.5907 
   CAL/SEC            -5.9923+08 
 ENTROPY:         
   CAL/MOL-K            -34.2552 
   CAL/GM-K              -1.9007 
 DENSITY:         
   MOL/CC              5.0257-02 
   GM/CC                  0.9057 
 AVG MW                  18.0222 
 
 49                                       
 -- 
 
 STREAM ID               49       
 FROM :                  E-309-A  
 TO   :                  E-309-B  
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               6.3330 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               3.2363+04 
   ETHYL-01            2.6129-03 
   ACETA-01               1.2340 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               1.0643 
 TOTAL FLOW:      
   KMOL/HR             3.2372+04 
   KG/HR               5.8341+05 
   L/MIN               1.0020+04 
 STATE VARIABLES: 
   TEMP   C              48.8889 
   PRES   BAR             2.2292 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.7832+04 
   CAL/GM             -3763.8146 
   CAL/SEC            -6.0996+08 
 ENTROPY:         
   CAL/MOL-K            -37.5941 
   CAL/GM-K              -2.0860 
 DENSITY:         
   MOL/CC              5.3847-02 
   GM/CC                  0.9704 
 AVG MW                  18.0222 
 
 50                                       
 -- 
 
 STREAM ID               50       
 FROM :                  E-310-A  
493
 TO   : E-310-B
 SUBSTREAM: MIXED   
 PHASE: LIQUID 
 COMPONENTS: KMOL/HR
   ETHAN-01 6.3330 
   OXYGE-01 0.0   
   CARBO-01 0.0   
   WATER 3.2363+04 
   ETHYL-01 2.6129-03 
   ACETA-01 1.2340 
   ETHYL-02 0.0   
   DIETH-01 0.0   
   TRIET-01 0.0   
   METHA-01 1.0643 
 TOTAL FLOW:
   KMOL/HR 3.2372+04 
   KG/HR 5.8341+05 
   L/MIN 1.0020+04 
 STATE VARIABLES: 
   TEMP   C 48.8889 
   PRES   BAR 1.9252 
   VFRAC 0.0   
   LFRAC 1.0000 
   SFRAC 0.0   
 ENTHALPY:
   CAL/MOL -6.7832+04
   CAL/GM -3763.8146
   CAL/SEC -6.0996+08
 ENTROPY:
   CAL/MOL-K -37.5941
   CAL/GM-K -2.0860
 DENSITY:
   MOL/CC 5.3847-02 
   GM/CC 0.9704 
 AVG MW 18.0222 
 51
 -- 
 STREAM ID 51
 FROM : E-311-A
 TO   : E-311-B
 SUBSTREAM: MIXED   
 PHASE: LIQUID 
 COMPONENTS: KMOL/HR
   ETHAN-01 6.3330 
   OXYGE-01 0.0   
   CARBO-01 0.0   
   WATER 3.2363+04 
   ETHYL-01 2.6129-03 
   ACETA-01 1.2340 
   ETHYL-02 0.0   
   DIETH-01 0.0   
   TRIET-01 0.0   
   METHA-01 1.0643 
 TOTAL FLOW:
   KMOL/HR 3.2372+04 
   KG/HR 5.8341+05 
   L/MIN 1.0020+04 
 STATE VARIABLES: 
   TEMP   C 48.8889 
494
   PRES   BAR             2.2292 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.7832+04 
   CAL/GM             -3763.8146 
   CAL/SEC            -6.0996+08 
 ENTROPY:         
   CAL/MOL-K            -37.5941 
   CAL/GM-K              -2.0860 
 DENSITY:         
   MOL/CC              5.3847-02 
   GM/CC                  0.9704 
 AVG MW                  18.0222 
 
 52                                       
 -- 
 
 STREAM ID               52       
 FROM :                  E-309-B  
 TO   :                  W1P-MIX  
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               6.3330 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               3.2363+04 
   ETHYL-01            2.6129-03 
   ACETA-01               1.2340 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               1.0643 
 TOTAL FLOW:      
   KMOL/HR             3.2372+04 
   KG/HR               5.8341+05 
   L/MIN               9594.7463 
 STATE VARIABLES: 
   TEMP   C               4.4444 
   PRES   BAR             2.2292 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8623+04 
   CAL/GM             -3807.6640 
   CAL/SEC            -6.1706+08 
 ENTROPY:         
   CAL/MOL-K            -40.2204 
   CAL/GM-K              -2.2317 
 DENSITY:         
   MOL/CC              5.6232-02 
   GM/CC                  1.0134 
 AVG MW                  18.0222 
 
 53                                       
 -- 
 
 STREAM ID               53       
 FROM :                  E-310-B  
495
 TO   :                  W1P-MIX  
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               6.3330 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               3.2363+04 
   ETHYL-01            2.6129-03 
   ACETA-01               1.2340 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               1.0643 
 TOTAL FLOW:      
   KMOL/HR             3.2372+04 
   KG/HR               5.8341+05 
   L/MIN               9594.7463 
 STATE VARIABLES: 
   TEMP   C               4.4444 
   PRES   BAR             1.9252 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8623+04 
   CAL/GM             -3807.6640 
   CAL/SEC            -6.1706+08 
 ENTROPY:         
   CAL/MOL-K            -40.2204 
   CAL/GM-K              -2.2317 
 DENSITY:         
   MOL/CC              5.6232-02 
   GM/CC                  1.0134 
 AVG MW                  18.0222 
 
 54                                       
 -- 
 
 STREAM ID               54       
 FROM :                  E-311-B  
 TO   :                  W1P-MIX  
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               6.3330 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               3.2363+04 
   ETHYL-01            2.6129-03 
   ACETA-01               1.2340 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               1.0643 
 TOTAL FLOW:      
   KMOL/HR             3.2372+04 
   KG/HR               5.8341+05 
   L/MIN               9594.7463 
 STATE VARIABLES: 
   TEMP   C               4.4444 
496
   PRES   BAR             2.2292 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8623+04 
   CAL/GM             -3807.6640 
   CAL/SEC            -6.1706+08 
 ENTROPY:         
   CAL/MOL-K            -40.2204 
   CAL/GM-K              -2.2317 
 DENSITY:         
   MOL/CC              5.6232-02 
   GM/CC                  1.0134 
 AVG MW                  18.0222 
 
 55                                       
 -- 
 
 STREAM ID               55       
 FROM :                  W1P-MIX  
 TO   :                  W1-SPLIT 
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01              18.9990 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               9.7089+04 
   ETHYL-01            7.8387-03 
   ACETA-01               3.7019 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               3.1929 
 TOTAL FLOW:      
   KMOL/HR             9.7115+04 
   KG/HR               1.7502+06 
   L/MIN               2.8784+04 
 STATE VARIABLES: 
   TEMP   C               4.4444 
   PRES   BAR             1.6212 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8623+04 
   CAL/GM             -3807.6640 
   CAL/SEC            -1.8512+09 
 ENTROPY:         
   CAL/MOL-K            -40.2204 
   CAL/GM-K              -2.2317 
 DENSITY:         
   MOL/CC              5.6232-02 
   GM/CC                  1.0134 
 AVG MW                  18.0222 
 
 56                                       
 -- 
 
 STREAM ID               56       
 FROM :                  W1-SPLIT 
497
 TO   :                  PRGE-MIX 
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.9499 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               4854.4666 
   ETHYL-01            3.9193-04 
   ACETA-01               0.1851 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.1596 
 TOTAL FLOW:      
   KMOL/HR             4855.7617 
   KG/HR               8.7512+04 
   L/MIN               1439.2120 
 STATE VARIABLES: 
   TEMP   C               4.4445 
   PRES   BAR             1.3172 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8623+04 
   CAL/GM             -3807.6640 
   CAL/SEC            -9.2560+07 
 ENTROPY:         
   CAL/MOL-K            -40.2204 
   CAL/GM-K              -2.2317 
 DENSITY:         
   MOL/CC              5.6232-02 
   GM/CC                  1.0134 
 AVG MW                  18.0222 
 
 57                                       
 -- 
 
 STREAM ID               57       
 FROM :                  W1-SPLIT 
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01              18.0490 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               9.2235+04 
   ETHYL-01            7.4467-03 
   ACETA-01               3.5168 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               3.0333 
 TOTAL FLOW:      
   KMOL/HR             9.2259+04 
   KG/HR               1.6627+06 
   L/MIN               2.7345+04 
 STATE VARIABLES: 
   TEMP   C               4.4445 
498
   PRES   BAR             1.3172 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8623+04 
   CAL/GM             -3807.6640 
   CAL/SEC            -1.7586+09 
 ENTROPY:         
   CAL/MOL-K            -40.2204 
   CAL/GM-K              -2.2317 
 DENSITY:         
   MOL/CC              5.6232-02 
   GM/CC                  1.0134 
 AVG MW                  18.0222 
 
 58                                       
 -- 
 
 STREAM ID               58       
 FROM :                  PRGE-MIX 
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   ETHAN-01               4.8419 
   OXYGE-01               4.1035 
   CARBO-01             138.3116 
   WATER               4855.7578 
   ETHYL-01               0.4365 
   ACETA-01               0.4366 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.2796 
 TOTAL FLOW:      
   KMOL/HR             5004.1675 
   KG/HR               9.3967+04 
   L/MIN               5.4379+04 
 STATE VARIABLES: 
   TEMP   C               6.3330 
   PRES   BAR             1.0133 
   VFRAC               2.7673-02 
   LFRAC                  0.9723 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.9237+04 
   CAL/GM             -3687.2098 
   CAL/SEC            -9.6243+07 
 ENTROPY:         
   CAL/MOL-K            -38.9886 
   CAL/GM-K              -2.0763 
 DENSITY:         
   MOL/CC              1.5337-03 
   GM/CC               2.8800-02 
 AVG MW                  18.7777 
 
 59                                       
 -- 
 
 STREAM ID               59       
 FROM :                  P-401    
499
 TO   :                  MIX4     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               5.0653 
   OXYGE-01            2.0938-04 
   CARBO-01               9.4925 
   WATER                 47.2965 
   ETHYL-01             542.3748 
   ACETA-01               0.2145 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.1413 
 TOTAL FLOW:      
   KMOL/HR              604.5852 
   KG/HR               2.5410+04 
   L/MIN                468.3032 
 STATE VARIABLES: 
   TEMP   C               5.4221 
   PRES   BAR            11.1458 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -2.4510+04 
   CAL/GM              -583.1494 
   CAL/SEC            -4.1161+06 
 ENTROPY:         
   CAL/MOL-K            -52.4483 
   CAL/GM-K              -1.2479 
 DENSITY:         
   MOL/CC              2.1517-02 
   GM/CC                  0.9043 
 AVG MW                  42.0296 
 
 60                                       
 -- 
 
 STREAM ID               60       
 FROM :                  ----     
 TO   :                  P-402    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               1.1940+04 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR             1.1940+04 
   KG/HR               2.1510+05 
   L/MIN               3606.8368 
 STATE VARIABLES: 
   TEMP   C              25.0000 
500
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8262+04 
   CAL/GM             -3789.1277 
   CAL/SEC            -2.2640+08 
 ENTROPY:         
   CAL/MOL-K            -38.9652 
   CAL/GM-K              -2.1629 
 DENSITY:         
   MOL/CC              5.5173-02 
   GM/CC                  0.9940 
 AVG MW                  18.0153 
 
 61                                       
 -- 
 
 STREAM ID               61       
 FROM :                  P-402    
 TO   :                  MIX4     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               1.1940+04 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR             1.1940+04 
   KG/HR               2.1510+05 
   L/MIN               3607.9199 
 STATE VARIABLES: 
   TEMP   C              25.3093 
   PRES   BAR            11.1458 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8257+04 
   CAL/GM             -3788.8233 
   CAL/SEC            -2.2638+08 
 ENTROPY:         
   CAL/MOL-K            -38.9469 
   CAL/GM-K              -2.1619 
 DENSITY:         
   MOL/CC              5.5156-02 
   GM/CC                  0.9937 
 AVG MW                  18.0153 
 
 62                                       
 -- 
 
 STREAM ID               62       
 FROM :                  MIX4     
501
 TO   :                  R-403    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               5.0653 
   OXYGE-01            2.0938-04 
   CARBO-01               9.4925 
   WATER               1.1987+04 
   ETHYL-01             542.3748 
   ACETA-01               0.2145 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.1413 
 TOTAL FLOW:      
   KMOL/HR             1.2545+04 
   KG/HR               2.4051+05 
   L/MIN               4058.0774 
 STATE VARIABLES: 
   TEMP   C              24.6853 
   PRES   BAR            10.8418 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.6148+04 
   CAL/GM             -3450.1399 
   CAL/SEC            -2.3050+08 
 ENTROPY:         
   CAL/MOL-K            -39.4064 
   CAL/GM-K              -2.0553 
 DENSITY:         
   MOL/CC              5.1521-02 
   GM/CC                  0.9878 
 AVG MW                  19.1726 
 
 63                                       
 -- 
 
 STREAM ID               63       
 FROM :                  R-403    
 TO   :                  R-404    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               5.0653 
   OXYGE-01            2.0938-04 
   CARBO-01               9.4925 
   WATER               1.1479+04 
   ETHYL-01               1.6271 
   ACETA-01               0.2145 
   ETHYL-02             481.2654 
   DIETH-01              21.6299 
   TRIET-01               5.4075 
   METHA-01               0.1413 
 TOTAL FLOW:      
   KMOL/HR             1.2004+04 
   KG/HR               2.4051+05 
   L/MIN               4577.0247 
 STATE VARIABLES: 
   TEMP   C             150.0000 
502
   PRES   BAR            10.1325 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.7620+04 
   CAL/GM             -3374.8475 
   CAL/SEC            -2.2547+08 
 ENTROPY:         
   CAL/MOL-K            -34.7651 
   CAL/GM-K              -1.7351 
 DENSITY:         
   MOL/CC              4.3710-02 
   GM/CC                  0.8758 
 AVG MW                  20.0363 
 
 64                                       
 -- 
 
 STREAM ID               64       
 FROM :                  R-404    
 TO   :                  F-501    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               5.0653 
   OXYGE-01            2.0938-04 
   CARBO-01               9.4925 
   WATER               1.1478+04 
   ETHYL-01               0.0    
   ACETA-01               0.2145 
   ETHYL-02             482.5427 
   DIETH-01              21.7438 
   TRIET-01               5.4482 
   METHA-01               0.1413 
 TOTAL FLOW:      
   KMOL/HR             1.2002+04 
   KG/HR               2.4051+05 
   L/MIN               4459.4249 
 STATE VARIABLES: 
   TEMP   C             130.0000 
   PRES   BAR            10.1325 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8079+04 
   CAL/GM             -3397.3168 
   CAL/SEC            -2.2697+08 
 ENTROPY:         
   CAL/MOL-K            -35.8148 
   CAL/GM-K              -1.7873 
 DENSITY:         
   MOL/CC              4.4857-02 
   GM/CC                  0.8989 
 AVG MW                  20.0391 
 
 65                                       
 -- 
 
 STREAM ID               65       
 FROM :                  F-501    
503
 TO   :                  F-502    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               1.1783 
   OXYGE-01            7.9852-09 
   CARBO-01            5.2931-03 
   WATER               8832.4723 
   ETHYL-01               0.0    
   ACETA-01            2.0670-02 
   ETHYL-02             480.2863 
   DIETH-01              21.7315 
   TRIET-01               5.4473 
   METHA-01            4.4609-02 
 TOTAL FLOW:      
   KMOL/HR             9341.1861 
   KG/HR               1.9211+05 
   L/MIN               3379.6587 
 STATE VARIABLES: 
   TEMP   C              89.0811 
   PRES   BAR             0.6434 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.9427+04 
   CAL/GM             -3375.8019 
   CAL/SEC            -1.8015+08 
 ENTROPY:         
   CAL/MOL-K            -38.7777 
   CAL/GM-K              -1.8855 
 DENSITY:         
   MOL/CC              4.6066-02 
   GM/CC                  0.9474 
 AVG MW                  20.5660 
 
 66                                       
 -- 
 
 STREAM ID               66       
 FROM :                  F-501    
 TO   :                  E-504    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               3.8870 
   OXYGE-01            2.0937-04 
   CARBO-01               9.4872 
   WATER               2645.0896 
   ETHYL-01               0.0    
   ACETA-01               0.1939 
   ETHYL-02               2.2564 
   DIETH-01            1.2349-02 
   TRIET-01            9.0305-04 
   METHA-01            9.6730-02 
 TOTAL FLOW:      
   KMOL/HR             2661.0243 
   KG/HR               4.8402+04 
   L/MIN               2.0760+06 
 STATE VARIABLES: 
   TEMP   C              89.0811 
504
   PRES   BAR             0.6434 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.7395+04 
   CAL/GM             -3155.4506 
   CAL/SEC            -4.2425+07 
 ENTROPY:         
   CAL/MOL-K             -8.1280 
   CAL/GM-K              -0.4469 
 DENSITY:         
   MOL/CC              2.1364-05 
   GM/CC               3.8859-04 
 AVG MW                  18.1892 
 
 67                                       
 -- 
 
 STREAM ID               67       
 FROM :                  F-502    
 TO   :                  F-503    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.1826 
   OXYGE-01            1.4684-13 
   CARBO-01            1.5431-06 
   WATER               5802.8346 
   ETHYL-01               0.0    
   ACETA-01            9.1489-04 
   ETHYL-02             476.8081 
   DIETH-01              21.7144 
   TRIET-01               5.4463 
   METHA-01            9.3379-03 
 TOTAL FLOW:      
   KMOL/HR             6306.9963 
   KG/HR               1.3727+05 
   L/MIN               2378.2158 
 STATE VARIABLES: 
   TEMP   C              82.7342 
   PRES   BAR             0.4864 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -7.0663+04 
   CAL/GM             -3246.7695 
   CAL/SEC            -1.2380+08 
 ENTROPY:         
   CAL/MOL-K            -40.7831 
   CAL/GM-K              -1.8739 
 DENSITY:         
   MOL/CC              4.4200-02 
   GM/CC                  0.9620 
 AVG MW                  21.7640 
 
 68                                       
 -- 
 
 STREAM ID               68       
 FROM :                  F-502    
505
 TO   :                  E-505    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.9957 
   OXYGE-01            7.9851-09 
   CARBO-01            5.2916-03 
   WATER               3029.6377 
   ETHYL-01               0.0    
   ACETA-01            1.9755-02 
   ETHYL-02               3.4782 
   DIETH-01            1.7048-02 
   TRIET-01            9.0359-04 
   METHA-01            3.5271-02 
 TOTAL FLOW:      
   KMOL/HR             3034.1898 
   KG/HR               5.4846+04 
   L/MIN               3.0766+06 
 STATE VARIABLES: 
   TEMP   C              82.7342 
   PRES   BAR             0.4864 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.7332+04 
   CAL/GM             -3171.7445 
   CAL/SEC            -4.8321+07 
 ENTROPY:         
   CAL/MOL-K             -7.7870 
   CAL/GM-K              -0.4308 
 DENSITY:         
   MOL/CC              1.6437-05 
   GM/CC               2.9711-04 
 AVG MW                  18.0759 
 
 69                                       
 -- 
 
 STREAM ID               69       
 FROM :                  F-503    
 TO   :                  P-510    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            1.3989-02 
   OXYGE-01               0.0    
   CARBO-01            1.8561-10 
   WATER               2438.8322 
   ETHYL-01               0.0    
   ACETA-01            1.6234-05 
   ETHYL-02             468.5803 
   DIETH-01              21.6762 
   TRIET-01               5.4456 
   METHA-01            8.7900-04 
 TOTAL FLOW:      
   KMOL/HR             2934.5492 
   KG/HR               7.6139+04 
   L/MIN               1278.7055 
 STATE VARIABLES: 
   TEMP   C              76.4524 
506
   PRES   BAR             0.3394 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -7.4653+04 
   CAL/GM             -2877.2542 
   CAL/SEC            -6.0853+07 
 ENTROPY:         
   CAL/MOL-K            -47.0427 
   CAL/GM-K              -1.8131 
 DENSITY:         
   MOL/CC              3.8249-02 
   GM/CC                  0.9924 
 AVG MW                  25.9457 
 
 70                                       
 -- 
 
 STREAM ID               70       
 FROM :                  F-503    
 TO   :                  E-506    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.1686 
   OXYGE-01               0.0    
   CARBO-01            1.5429-06 
   WATER               3364.0024 
   ETHYL-01               0.0    
   ACETA-01            8.9865-04 
   ETHYL-02               8.2278 
   DIETH-01            3.8225-02 
   TRIET-01            7.1507-04 
   METHA-01            8.4589-03 
 TOTAL FLOW:      
   KMOL/HR             3372.4472 
   KG/HR               6.1126+04 
   L/MIN               4.8132+06 
 STATE VARIABLES: 
   TEMP   C              76.4524 
   PRES   BAR             0.3394 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.7430+04 
   CAL/GM             -3168.5049 
   CAL/SEC            -5.3800+07 
 ENTROPY:         
   CAL/MOL-K             -7.2723 
   CAL/GM-K              -0.4012 
 DENSITY:         
   MOL/CC              1.1678-05 
   GM/CC               2.1166-04 
 AVG MW                  18.1252 
 
 71                                       
 -- 
 
 STREAM ID               71       
 FROM :                  P-510    
507
 TO   :                  E-511    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            1.3989-02 
   OXYGE-01               0.0    
   CARBO-01            1.8561-10 
   WATER               2438.8322 
   ETHYL-01               0.0    
   ACETA-01            1.6234-05 
   ETHYL-02             468.5803 
   DIETH-01              21.6762 
   TRIET-01               5.4456 
   METHA-01            8.7900-04 
 TOTAL FLOW:      
   KMOL/HR             2934.5492 
   KG/HR               7.6139+04 
   L/MIN               1278.7657 
 STATE VARIABLES: 
   TEMP   C              76.4969 
   PRES   BAR             1.6212 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -7.4652+04 
   CAL/GM             -2877.2157 
   CAL/SEC            -6.0852+07 
 ENTROPY:         
   CAL/MOL-K            -47.0399 
   CAL/GM-K              -1.8130 
 DENSITY:         
   MOL/CC              3.8247-02 
   GM/CC                  0.9924 
 AVG MW                  25.9457 
 
 72                                       
 -- 
 
 STREAM ID               72       
 FROM :                  E-511    
 TO   :                  D-512    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01            1.3989-02 
   OXYGE-01               0.0    
   CARBO-01            1.8561-10 
   WATER               2438.8322 
   ETHYL-01               0.0    
   ACETA-01            1.6234-05 
   ETHYL-02             468.5803 
   DIETH-01              21.6762 
   TRIET-01               5.4456 
   METHA-01            8.7900-04 
 TOTAL FLOW:      
   KMOL/HR             2934.5492 
   KG/HR               7.6139+04 
   L/MIN               1.4607+06 
 STATE VARIABLES: 
   TEMP   C             200.0000 
508
   PRES   BAR             1.3172 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.2374+04 
   CAL/GM             -2404.0300 
   CAL/SEC            -5.0845+07 
 ENTROPY:         
   CAL/MOL-K            -16.3300 
   CAL/GM-K              -0.6294 
 DENSITY:         
   MOL/CC              3.3484-05 
   GM/CC               8.6876-04 
 AVG MW                  25.9457 
 
 73                                       
 -- 
 
 STREAM ID               73       
 FROM :                  E-504    
 TO   :                  P-507    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   ETHAN-01               3.8870 
   OXYGE-01            2.0937-04 
   CARBO-01               9.4872 
   WATER               2645.0896 
   ETHYL-01               0.0    
   ACETA-01               0.1939 
   ETHYL-02               2.2564 
   DIETH-01            1.2349-02 
   TRIET-01            9.0305-04 
   METHA-01            9.6730-02 
 TOTAL FLOW:      
   KMOL/HR             2661.0243 
   KG/HR               4.8402+04 
   L/MIN               6987.0091 
 STATE VARIABLES: 
   TEMP   C              32.2222 
   PRES   BAR             0.6434 
   VFRAC               3.5289-03 
   LFRAC                  0.9965 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8257+04 
   CAL/GM             -3752.6055 
   CAL/SEC            -5.0454+07 
 ENTROPY:         
   CAL/MOL-K            -38.4885 
   CAL/GM-K              -2.1160 
 DENSITY:         
   MOL/CC              6.3476-03 
   GM/CC                  0.1155 
 AVG MW                  18.1892 
 
 74                                       
 -- 
 
 STREAM ID               74       
 FROM :                  E-505    
509
 TO   :                  P-508    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.9957 
   OXYGE-01            7.9851-09 
   CARBO-01            5.2916-03 
   WATER               3029.6377 
   ETHYL-01               0.0    
   ACETA-01            1.9755-02 
   ETHYL-02               3.4782 
   DIETH-01            1.7048-02 
   TRIET-01            9.0359-04 
   METHA-01            3.5271-02 
 TOTAL FLOW:      
   KMOL/HR             3034.1898 
   KG/HR               5.4846+04 
   L/MIN                925.9536 
 STATE VARIABLES: 
   TEMP   C              32.2222 
   PRES   BAR             0.4864 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8181+04 
   CAL/GM             -3771.9480 
   CAL/SEC            -5.7465+07 
 ENTROPY:         
   CAL/MOL-K            -38.6138 
   CAL/GM-K              -2.1362 
 DENSITY:         
   MOL/CC              5.4614-02 
   GM/CC                  0.9872 
 AVG MW                  18.0759 
 
 75                                       
 -- 
 
 STREAM ID               75       
 FROM :                  E-506    
 TO   :                  P-509    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.1686 
   OXYGE-01               0.0    
   CARBO-01            1.5429-06 
   WATER               3364.0024 
   ETHYL-01               0.0    
   ACETA-01            8.9865-04 
   ETHYL-02               8.2278 
   DIETH-01            3.8225-02 
   TRIET-01            7.1507-04 
   METHA-01            8.4589-03 
 TOTAL FLOW:      
   KMOL/HR             3372.4472 
   KG/HR               6.1126+04 
   L/MIN               1031.2996 
 STATE VARIABLES: 
   TEMP   C              32.2222 
510
   PRES   BAR             0.3394 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8236+04 
   CAL/GM             -3764.6953 
   CAL/SEC            -6.3923+07 
 ENTROPY:         
   CAL/MOL-K            -38.6784 
   CAL/GM-K              -2.1340 
 DENSITY:         
   MOL/CC              5.4502-02 
   GM/CC                  0.9879 
 AVG MW                  18.1252 
 
 76                                       
 -- 
 
 STREAM ID               76       
 FROM :                  D-512    
 TO   :                  P-513    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            1.3989-02 
   OXYGE-01               0.0    
   CARBO-01            1.8561-10 
   WATER               2438.8246 
   ETHYL-01               0.0    
   ACETA-01            1.6234-05 
   ETHYL-02               4.6295 
   DIETH-01            8.2594-03 
   TRIET-01            9.2892-10 
   METHA-01            8.7900-04 
 TOTAL FLOW:      
   KMOL/HR             2443.4772 
   KG/HR               4.4225+04 
   L/MIN                802.1631 
 STATE VARIABLES: 
   TEMP   C             100.0682 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.6947+04 
   CAL/GM             -3698.8854 
   CAL/SEC            -4.5440+07 
 ENTROPY:         
   CAL/MOL-K            -34.9407 
   CAL/GM-K              -1.9305 
 DENSITY:         
   MOL/CC              5.0769-02 
   GM/CC                  0.9189 
 AVG MW                  18.0992 
 
 77                                       
 -- 
 
 STREAM ID               77       
 FROM :                  P-507    
511
 TO   : MIXER7  
 SUBSTREAM: MIXED   
 PHASE: LIQUID 
 COMPONENTS: KMOL/HR
   ETHAN-01 3.8870 
   OXYGE-01 2.0937-04 
   CARBO-01 9.4872 
   WATER 2645.0896 
   ETHYL-01 0.0   
   ACETA-01 0.1939 
   ETHYL-02 2.2564 
   DIETH-01 1.2349-02 
   TRIET-01 9.0305-04 
   METHA-01 9.6730-02 
 TOTAL FLOW:
   KMOL/HR 2661.0243 
   KG/HR 4.8402+04 
   L/MIN 819.6126 
 STATE VARIABLES: 
   TEMP   C 36.1016 
   PRES   BAR 11.7537 
   VFRAC 0.0   
   LFRAC 1.0000 
   SFRAC 0.0   
 ENTHALPY:
   CAL/MOL -6.8204+04
   CAL/GM -3749.7325
   CAL/SEC -5.0415+07
 ENTROPY:
   CAL/MOL-K -38.3305
   CAL/GM-K -2.1073
 DENSITY:
   MOL/CC 5.4111-02 
   GM/CC 0.9842 
 AVG MW 18.1892 
 78
 -- 
 STREAM ID 78
 FROM : P-508
 TO   : MIXER7  
 SUBSTREAM: MIXED   
 PHASE: LIQUID 
 COMPONENTS: KMOL/HR
   ETHAN-01 0.9957 
   OXYGE-01 7.9851-09 
   CARBO-01 5.2916-03 
   WATER 3029.6377 
   ETHYL-01 0.0   
   ACETA-01 1.9755-02 
   ETHYL-02 3.4782 
   DIETH-01 1.7048-02 
   TRIET-01 9.0359-04 
   METHA-01 3.5271-02 
 TOTAL FLOW:
   KMOL/HR 3034.1898 
   KG/HR 5.4846+04 
   L/MIN 926.2682 
 STATE VARIABLES: 
   TEMP   C 32.5668 
512
   PRES   BAR            11.7537 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8175+04 
   CAL/GM             -3771.6073 
   CAL/SEC            -5.7460+07 
 ENTROPY:         
   CAL/MOL-K            -38.5937 
   CAL/GM-K              -2.1351 
 DENSITY:         
   MOL/CC              5.4595-02 
   GM/CC                  0.9869 
 AVG MW                  18.0759 
 
 79                                       
 -- 
 
 STREAM ID               79       
 FROM :                  P-509    
 TO   :                  MIXER7   
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.1686 
   OXYGE-01               0.0    
   CARBO-01            1.5429-06 
   WATER               3364.0024 
   ETHYL-01               0.0    
   ACETA-01            8.9865-04 
   ETHYL-02               8.2278 
   DIETH-01            3.8225-02 
   TRIET-01            7.1507-04 
   METHA-01            8.4589-03 
 TOTAL FLOW:      
   KMOL/HR             3372.4472 
   KG/HR               6.1126+04 
   L/MIN               1031.6549 
 STATE VARIABLES: 
   TEMP   C              32.5717 
   PRES   BAR            11.7537 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8230+04 
   CAL/GM             -3764.3503 
   CAL/SEC            -6.3917+07 
 ENTROPY:         
   CAL/MOL-K            -38.6581 
   CAL/GM-K              -2.1328 
 DENSITY:         
   MOL/CC              5.4483-02 
   GM/CC                  0.9875 
 AVG MW                  18.1252 
 
 80                                       
 -- 
 
 STREAM ID               80       
 FROM :                  P-513    
513
 TO   :                  MIXER7   
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            1.3989-02 
   OXYGE-01               0.0    
   CARBO-01            1.8561-10 
   WATER               2438.8246 
   ETHYL-01               0.0    
   ACETA-01            1.6234-05 
   ETHYL-02               4.6295 
   DIETH-01            8.2594-03 
   TRIET-01            9.2892-10 
   METHA-01            8.7900-04 
 TOTAL FLOW:      
   KMOL/HR             2443.4772 
   KG/HR               4.4225+04 
   L/MIN                802.4609 
 STATE VARIABLES: 
   TEMP   C             100.3898 
   PRES   BAR            11.7537 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.6941+04 
   CAL/GM             -3698.5364 
   CAL/SEC            -4.5435+07 
 ENTROPY:         
   CAL/MOL-K            -34.9242 
   CAL/GM-K              -1.9296 
 DENSITY:         
   MOL/CC              5.0750-02 
   GM/CC                  0.9185 
 AVG MW                  18.0992 
 
 81                                       
 -- 
 
 STREAM ID               81       
 FROM :                  MIXER7   
 TO   :                  W2-MIX   
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               5.0653 
   OXYGE-01            2.0938-04 
   CARBO-01               9.4925 
   WATER               1.1478+04 
   ETHYL-01               0.0    
   ACETA-01               0.2145 
   ETHYL-02              18.5919 
   DIETH-01            7.5881-02 
   TRIET-01            2.5217-03 
   METHA-01               0.1413 
 TOTAL FLOW:      
   KMOL/HR             1.1511+04 
   KG/HR               2.0860+05 
   L/MIN               3577.1382 
 STATE VARIABLES: 
   TEMP   C              48.2620 
514
   PRES   BAR            11.4497 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.7936+04 
   CAL/GM             -3748.9133 
   CAL/SEC            -2.1723+08 
 ENTROPY:         
   CAL/MOL-K            -37.7023 
   CAL/GM-K              -2.0805 
 DENSITY:         
   MOL/CC              5.3633-02 
   GM/CC                  0.9719 
 AVG MW                  18.1215 
 
 82                                       
 -- 
 
 STREAM ID               82       
 FROM :                  W2-MIX   
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               4.8120 
   OXYGE-01            1.9891-04 
   CARBO-01               9.0179 
   WATER               1.0904+04 
   ETHYL-01               0.0    
   ACETA-01               0.2038 
   ETHYL-02              17.6623 
   DIETH-01            7.2087-02 
   TRIET-01            2.3956-03 
   METHA-01               0.1343 
 TOTAL FLOW:      
   KMOL/HR             1.0936+04 
   KG/HR               1.9817+05 
   L/MIN               3398.2813 
 STATE VARIABLES: 
   TEMP   C              48.2620 
   PRES   BAR            11.1458 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.7936+04 
   CAL/GM             -3748.9133 
   CAL/SEC            -2.0637+08 
 ENTROPY:         
   CAL/MOL-K            -37.7023 
   CAL/GM-K              -2.0805 
 DENSITY:         
   MOL/CC              5.3633-02 
   GM/CC                  0.9719 
 AVG MW                  18.1215 
 
 83                                       
 -- 
 
 STREAM ID               83       
 FROM :                  W2-MIX   
515
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.2533 
   OXYGE-01            1.0469-05 
   CARBO-01               0.4746 
   WATER                573.8777 
   ETHYL-01               0.0    
   ACETA-01            1.0726-02 
   ETHYL-02               0.9296 
   DIETH-01            3.7941-03 
   TRIET-01            1.2609-04 
   METHA-01            7.0669-03 
 TOTAL FLOW:      
   KMOL/HR              575.5569 
   KG/HR               1.0430+04 
   L/MIN                178.8569 
 STATE VARIABLES: 
   TEMP   C              48.2620 
   PRES   BAR            11.1458 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.7936+04 
   CAL/GM             -3748.9133 
   CAL/SEC            -1.0861+07 
 ENTROPY:         
   CAL/MOL-K            -37.7023 
   CAL/GM-K              -2.0805 
 DENSITY:         
   MOL/CC              5.3633-02 
   GM/CC                  0.9719 
 AVG MW                  18.1215 
 
 84                                       
 -- 
 
 STREAM ID               84       
 FROM :                  D-512    
 TO   :                  D-601    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            4.9920-11 
   OXYGE-01               0.0    
   CARBO-01            2.5115-33 
   WATER               7.5885-03 
   ETHYL-01               0.0    
   ACETA-01            2.1795-14 
   ETHYL-02             463.9508 
   DIETH-01              21.6679 
   TRIET-01               5.4456 
   METHA-01            3.1050-11 
 TOTAL FLOW:      
   KMOL/HR              491.0720 
   KG/HR               3.1914+04 
   L/MIN                569.6287 
 STATE VARIABLES: 
   TEMP   C             206.9950 
516
   PRES   BAR             1.3172 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.0440+05 
   CAL/GM             -1606.3866 
   CAL/SEC            -1.4241+07 
 ENTROPY:         
   CAL/MOL-K            -91.1956 
   CAL/GM-K              -1.4033 
 DENSITY:         
   MOL/CC              1.4368-02 
   GM/CC                  0.9338 
 AVG MW                  64.9886 
 
 85                                       
 -- 
 
 STREAM ID               85       
 FROM :                  D-601    
 TO   :                  P-602    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            4.9920-11 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               7.5885-03 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02             449.4654 
   DIETH-01               0.2568 
   TRIET-01            2.4177-09 
   METHA-01            3.1050-11 
 TOTAL FLOW:      
   KMOL/HR              449.7297 
   KG/HR               2.7925+04 
   L/MIN                490.7751 
 STATE VARIABLES: 
   TEMP   C             197.0821 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.0271+05 
   CAL/GM             -1654.0995 
   CAL/SEC            -1.2831+07 
 ENTROPY:         
   CAL/MOL-K            -89.7530 
   CAL/GM-K              -1.4455 
 DENSITY:         
   MOL/CC              1.5273-02 
   GM/CC                  0.9483 
 AVG MW                  62.0928 
 
 86                                       
 -- 
 
 STREAM ID               86       
 FROM :                  D-601    
517
 TO   :                  E-604    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            3.2287-25 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               1.8620-14 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02              14.4855 
   DIETH-01              21.4111 
   TRIET-01               5.4456 
   METHA-01            1.8536-24 
 TOTAL FLOW:      
   KMOL/HR               41.3423 
   KG/HR               3989.0730 
   L/MIN                 74.3377 
 STATE VARIABLES: 
   TEMP   C             240.8630 
   PRES   BAR             1.3172 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.2897+05 
   CAL/GM             -1336.6560 
   CAL/SEC            -1.4811+06 
 ENTROPY:         
   CAL/MOL-K           -123.2755 
   CAL/GM-K              -1.2776 
 DENSITY:         
   MOL/CC              9.2690-03 
   GM/CC                  0.8944 
 AVG MW                  96.4890 
 
 87                                       
 -- 
 
 STREAM ID               87       
 FROM :                  P-602    
 TO   :                  E-603    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            4.9920-11 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               7.5885-03 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02             449.4654 
   DIETH-01               0.2568 
   TRIET-01            2.4177-09 
   METHA-01            3.1050-11 
 TOTAL FLOW:      
   KMOL/HR              449.7297 
   KG/HR               2.7925+04 
   L/MIN                490.7855 
 STATE VARIABLES: 
   TEMP   C             197.1001 
518
   PRES   BAR             1.3172 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.0271+05 
   CAL/GM             -1654.0861 
   CAL/SEC            -1.2831+07 
 ENTROPY:         
   CAL/MOL-K            -89.7513 
   CAL/GM-K              -1.4454 
 DENSITY:         
   MOL/CC              1.5272-02 
   GM/CC                  0.9483 
 AVG MW                  62.0928 
 
 88                                       
 -- 
 
 STREAM ID               88       
 FROM :                  E-603    
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            4.9920-11 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               7.5885-03 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02             449.4654 
   DIETH-01               0.2568 
   TRIET-01            2.4177-09 
   METHA-01            3.1050-11 
 TOTAL FLOW:      
   KMOL/HR              449.7297 
   KG/HR               2.7925+04 
   L/MIN                418.3344 
 STATE VARIABLES: 
   TEMP   C              32.2222 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.0927+05 
   CAL/GM             -1759.7598 
   CAL/SEC            -1.3650+07 
 ENTROPY:         
   CAL/MOL-K           -106.6935 
   CAL/GM-K              -1.7183 
 DENSITY:         
   MOL/CC              1.7917-02 
   GM/CC                  1.1125 
 AVG MW                  62.0928 
 
 89                                       
 -- 
 
 STREAM ID               89       
 FROM :                  E-604    
519
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            3.2287-25 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               1.8620-14 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02              14.4855 
   DIETH-01              21.4111 
   TRIET-01               5.4456 
   METHA-01            1.8536-24 
 TOTAL FLOW:      
   KMOL/HR               41.3423 
   KG/HR               3989.0730 
   L/MIN                 60.4350 
 STATE VARIABLES: 
   TEMP   C              32.2222 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.4319+05 
   CAL/GM             -1484.0187 
   CAL/SEC            -1.6444+06 
 ENTROPY:         
   CAL/MOL-K           -158.3201 
   CAL/GM-K              -1.6408 
 DENSITY:         
   MOL/CC              1.1401-02 
   GM/CC                  1.1001 
 AVG MW                  96.4890 
 
 Q-614                                    
 ----- 
 
 STREAM ID               Q-614    
 FROM :                  E-504    
 TO   :                  F-502    
 CLASS:                  HEAT     
 
 STREAM ATTRIBUTES: 
 HEAT     
 Q        CAL/SEC       8.0287+06 
 TBEG     C               89.0811 
 TEND     C               32.2222 
 
 Q-615                                    
 ----- 
 STREAM ID               Q-615    
 FROM :                  E-505    
 TO   :                  F-503    
 CLASS:                  HEAT     
 STREAM ATTRIBUTES: 
 HEAT     
 Q        CAL/SEC       9.1441+06 
 TBEG     C               82.7342 
 TEND     C               32.2222 
 
520
Make-Up Calculations Aspen File 
521
Section 22.5.2.1: Make-Up Calculations Aspen Simulation – Input Summary 
; 
;Input Summary created by Aspen Plus Rel. 36.0 at 19:40:05 Sun Apr 21, 2019 
;Directory S:\4.15_MakeupCalcs (1)  Filename 
C:\Users\goldensa\AppData\Local\Temp\~apc9b5.txt 
; 
 
 
DYNAMICS 
    DYNAMICS RESULTS=ON 
 
IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
 
DEF-STREAMS CONVEN ALL  
 
MODEL-OPTION  
 
DATABANKS 'APV100 PURE36' / 'APV100 AQUEOUS' / 'APV100 SOLIDS' & 
         / 'APV100 INORGANIC' / 'APESV100 AP-EOS' /  & 
        'NISTV100 NIST-TRC' / NOASPENPCD 
 
PROP-SOURCES 'APV100 PURE36' / 'APV100 AQUEOUS' /  & 
        'APV100 SOLIDS' / 'APV100 INORGANIC' / 'APESV100 AP-EOS' & 
         / 'NISTV100 NIST-TRC' 
 
COMPONENTS  
    ETHAN-01 C2H6O-2 /  
    OXYGE-01 O2 /  
    CARBO-01 CO2 /  
    WATER H2O /  
    ETHYL-01 C2H4O-2 /  
    ACETA-01 C2H4O-1 /  
    ETHYL-02 C2H6O2 /  
    DIETH-01 C4H10O3 /  
    TRIET-01 C6H14O4 /  
    METHA-01 CH4O  
 
HENRY-COMPS GASES OXYGE-01 CARBO-01  
 
SOLVE  
    RUN-MODE MODE=SIM  
 
FLOWSHEET  
    BLOCK MIX1 IN=3 5 7 LT OUT=8  
    BLOCK E-102 IN=2 OUT=3  
    BLOCK P-101 IN=1 OUT=2  
    BLOCK C-104 IN=6 OUT=7  
    BLOCK C-103 IN=4 OUT=5  
    BLOCK F-H2O-HX IN=HP OUT=LT  
    BLOCK F-H2O-PU IN=LP OUT=HP  
 
PROPERTIES UNIQUAC HENRY-COMPS=GASES  
    PROPERTIES UNIFAC  
 
PROP-DATA HENRY-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST HENRY  
    BPVAL OXYGE-01 ETHAN-01 -30.29762546 651.8400270 7.021200000  & 
        -.0149260000 -25.00000000 50.00000000 0.0  
    BPVAL OXYGE-01 WATER 144.4080745 -7775.060000 -18.39740000  & 
        -9.4435400E-3 .8500000000 74.85000000 0.0  
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    BPVAL OXYGE-01 ETHYL-02 9.891274535 0.0 0.0 0.0  & 
        20.00000000 20.00000000 0.0  
    BPVAL OXYGE-01 METHA-01 26.69817654 -767.5700070  & 
        -2.977400000 2.19200000E-3 -25.00000000 50.00000000 0.0  
    BPVAL CARBO-01 ETHAN-01 89.58307554 -5018.799805  & 
        -11.89100000 0.0 10.00000000 40.00000000 0.0  
    BPVAL CARBO-01 WATER 159.1996745 -8477.711000 -21.95743000  & 
        5.78074800E-3 -.1500000000 226.8500000 0.0  
    BPVAL CARBO-01 ETHYL-02 -83.81752946 2941.399902 14.04600000  & 
        0.0 0.0 20.00000000 0.0  
    BPVAL CARBO-01 METHA-01 15.46987454 -3426.699951 1.510800000  & 
        -.0254510000 0.0 20.00000000 0.0  
 
PROP-DATA UNIQ-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST UNIQ  
    BPVAL ETHAN-01 WATER 2.004600000 -728.9705000 0.0 0.0  & 
        24.99000000 100.0000000 0.0  
    BPVAL WATER ETHAN-01 -2.493600000 756.9477000 0.0 0.0  & 
        24.99000000 100.0000000 0.0  
    BPVAL ETHAN-01 ACETA-01 -7.963400000 2209.547900 0.0 0.0  & 
        10.00000000 77.70000000 0.0  
    BPVAL ACETA-01 ETHAN-01 1.226700000 -113.5067000 0.0 0.0  & 
        10.00000000 77.70000000 0.0  
    BPVAL ETHAN-01 ETHYL-02 -8.230800000 2632.925500 0.0 0.0  & 
        50.00000000 190.0000000 0.0  
    BPVAL ETHYL-02 ETHAN-01 2.687600000 -959.5647000 0.0 0.0  & 
        50.00000000 190.0000000 0.0  
    BPVAL WATER ETHYL-01 0.0 133.7554000 0.0 0.0 5.000000000  & 
        50.00000000 0.0  
    BPVAL ETHYL-01 WATER 0.0 -881.8782000 0.0 0.0 5.000000000  & 
        50.00000000 0.0  
    BPVAL WATER ACETA-01 -4.639600000 1516.808600 0.0 0.0  & 
        10.00000000 55.80000000 0.0  
    BPVAL ACETA-01 WATER 12.27620000 -4345.301300 0.0 0.0  & 
        10.00000000 55.80000000 0.0  
    BPVAL WATER ETHYL-02 -.6018000000 120.7787000 0.0 0.0  & 
        30.40000000 196.7000000 0.0  
    BPVAL ETHYL-02 WATER .6018000000 -18.67140000 0.0 0.0  & 
        30.40000000 196.7000000 0.0  
    BPVAL WATER DIETH-01 0.0 -519.4400000 0.0 0.0 101.8500000  & 
        159.3500000 0.0  
    BPVAL DIETH-01 WATER 0.0 370.3248000 0.0 0.0 101.8500000  & 
        159.3500000 0.0  
    BPVAL ETHYL-01 ACETA-01 0.0 -108.8820000 0.0 0.0  & 
        10.40000000 17.30000000 0.0  
    BPVAL ACETA-01 ETHYL-01 0.0 106.5449000 0.0 0.0  & 
        10.40000000 17.30000000 0.0  
    BPVAL ETHYL-02 DIETH-01 3.713200000 -2374.060800 0.0 0.0  & 
        139.5000000 244.0000000 0.0  
    BPVAL DIETH-01 ETHYL-02 -.1438000000 396.9103000 0.0 0.0  & 
        139.5000000 244.0000000 0.0  
    BPVAL DIETH-01 TRIET-01 0.0 -1650.727200 0.0 0.0  & 
        169.0000000 210.0000000 0.0  
    BPVAL TRIET-01 DIETH-01 0.0 443.2478000 0.0 0.0  & 
        169.0000000 210.0000000 0.0  
    BPVAL ETHAN-01 METHA-01 1.289100000 -273.6917000 0.0 0.0  & 
        20.00000000 78.40000000 0.0  
    BPVAL METHA-01 ETHAN-01 -2.650900000 651.4882000 0.0 0.0  & 
        20.00000000 78.40000000 0.0  
    BPVAL WATER METHA-01 .6437000000 -322.1312000 0.0 0.0  & 
        24.99000000 100.0000000 0.0  
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    BPVAL METHA-01 WATER -1.066200000 432.8785000 0.0 0.0  & 
        24.99000000 100.0000000 0.0  
    BPVAL ETHYL-02 METHA-01 2.887900000 -822.9154000 0.0 0.0  & 
        40.00000000 199.0000000 0.0  
    BPVAL METHA-01 ETHYL-02 -30.04410000 9254.067400 0.0 0.0  & 
        40.00000000 199.0000000 0.0  
    BPVAL DIETH-01 METHA-01 1.210500000 -91.64950000 0.0 0.0  & 
        85.35000000 227.1500000 0.0  
    BPVAL METHA-01 DIETH-01 -1.318800000 -14.35410000 0.0 0.0  & 
        85.35000000 227.1500000 0.0  
 
STREAM 1  
    SUBSTREAM MIXED TEMP=25. PRES=1. <atm>  & 
        MASS-FLOW=59494.83 <lb/hr>  
    MASS-FRAC ETHAN-01 0.98 / WATER 0.0135 / METHA-01 0.0065  
 
STREAM 4  
    SUBSTREAM MIXED TEMP=25. PRES=1. <atm>  & 
        MASS-FLOW=20369.82 <lb/hr>  
    MASS-FRAC OXYGE-01 1.  
 
STREAM 6  
    SUBSTREAM MIXED TEMP=25. PRES=1. <atm>  & 
        MASS-FLOW=6584.11 <lb/hr>  
    MASS-FRAC CARBO-01 1.  
 
STREAM LP  
    SUBSTREAM MIXED TEMP=90. <F> PRES=1. <atm>  & 
        MASS-FLOW=172762.98 <lb/hr>  
    MASS-FRAC WATER 1.  
 
BLOCK MIX1 MIXER  
    PARAM PRES=-0.3 <atm>  
 
BLOCK E-102 HEATER  
    PARAM TEMP=100. PRES=-0.3 <atm> DPPARMOPT=YES  
 
BLOCK F-H2O-HX HEATER  
    PARAM TEMP=40. <F> PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK F-H2O-PU PUMP  
    PARAM PRES=1.3 <atm> EFF=0.8 DEFF=0.95  
 
BLOCK P-101 PUMP  
    PARAM PRES=1.9 <atm> EFF=0.8 DEFF=0.95  
 
BLOCK C-103 COMPR  
    PARAM TYPE=ASME-POLYTROP PRES=1.3 <atm> PEFF=0.8 MEFF=0.95  & 
        SB-MAXIT=30 SB-TOL=0.0001   
 
BLOCK C-104 COMPR  
    PARAM TYPE=ASME-POLYTROP PRES=1.3 <atm> PEFF=0.8 MEFF=0.95  & 
        SB-MAXIT=30 SB-TOL=0.0001   
 
EO-CONV-OPTI  
 
STREAM-REPOR MOLEFLOW  
; 
; 
; 
; 
; 
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Section 22.5.2.2: Make-Up Calculations Aspen Simulation – Block Report 
 
 
 BLOCK:  C-103    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          4        
   OUTLET STREAM:         5        
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            288.748         288.748         0.00000     
       MASS(KG/HR   )            9239.59         9239.59         0.00000     
       ENTHALPY(CAL/SEC )      -0.713665E-10     16319.8        -1.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                           ***  INPUT DATA  *** 
 
   POLYTROPIC COMPRESSOR USING ASME METHOD 
    OUTLET PRESSURE  BAR                                     1.31723     
    POLYTROPIC EFFICIENCY                                    0.80000     
    MECHANICAL EFFICIENCY                                    0.95000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  KW                   68.3277      
    BRAKE      HORSEPOWER REQUIREMENT  KW                   71.9239      
    NET WORK REQUIRED                  KW                   71.9239      
    POWER LOSSES                       KW                    3.59619     
    ISENTROPIC HORSEPOWER REQUIREMENT  KW                   54.1506      
    CALCULATED OUTLET TEMP  C                               53.9538      
    EFFICIENCY (POLYTR/ISENTR) USED                          0.80000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       M-KGF/KG                       2,171.78        
    MECHANICAL EFFICIENCY USED                               0.95000     
    INLET HEAT CAPACITY RATIO                                1.39586     
    INLET VOLUMETRIC FLOW RATE , L/MIN                 117,737.          
    OUTLET VOLUMETRIC FLOW RATE, L/MIN                  99,362.1         
    INLET  COMPRESSIBILITY FACTOR                            1.00000     
    OUTLET COMPRESSIBILITY FACTOR                            1.00000     
    AV. ISENT. VOL. EXPONENT                                 1.39423     
    AV. ISENT. TEMP EXPONENT                                 1.39423     
    AV. ACTUAL VOL. EXPONENT                                 1.54620     
    AV. ACTUAL TEMP EXPONENT                                 1.54620     
 
 BLOCK:  C-104    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          6        
   OUTLET STREAM:         7        
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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    TOTAL BALANCE 
       MOLE(KMOL/HR )            67.8599         67.8599         0.00000     
       MASS(KG/HR   )            2986.50         2986.50         0.00000     
       ENTHALPY(CAL/SEC )      -0.177168E+07   -0.176788E+07   -0.214254E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             2986.50      KG/HR            
    PRODUCT STREAMS CO2E          2986.50      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                           ***  INPUT DATA  *** 
 
   POLYTROPIC COMPRESSOR USING ASME METHOD 
    OUTLET PRESSURE  BAR                                     1.31723     
    POLYTROPIC EFFICIENCY                                    0.80000     
    MECHANICAL EFFICIENCY                                    0.95000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  KW                   15.8927      
    BRAKE      HORSEPOWER REQUIREMENT  KW                   16.7291      
    NET WORK REQUIRED                  KW                   16.7291      
    POWER LOSSES                       KW                    0.83646     
    ISENTROPIC HORSEPOWER REQUIREMENT  KW                   12.6228      
    CALCULATED OUTLET TEMP  C                               47.3011      
    EFFICIENCY (POLYTR/ISENTR) USED                          0.80000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       M-KGF/KG                       1,562.81        
    MECHANICAL EFFICIENCY USED                               0.95000     
    INLET HEAT CAPACITY RATIO                                1.28778     
    INLET VOLUMETRIC FLOW RATE , L/MIN                  27,669.9         
    OUTLET VOLUMETRIC FLOW RATE, L/MIN                  22,876.6         
    INLET  COMPRESSIBILITY FACTOR                            1.00000     
    OUTLET COMPRESSIBILITY FACTOR                            1.00000     
    AV. ISENT. VOL. EXPONENT                                 1.28304     
    AV. ISENT. TEMP EXPONENT                                 1.28304     
    AV. ACTUAL VOL. EXPONENT                                 1.37919     
    AV. ACTUAL TEMP EXPONENT                                 1.37919     
 
 BLOCK:  E-102    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          2        
   OUTLET STREAM:         3        
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            599.763         599.763         0.00000     
       MASS(KG/HR   )            26986.4         26986.4         0.00000     
       ENTHALPY(CAL/SEC )      -0.110413E+08   -0.913774E+07   -0.172402     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
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   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                       100.000       
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    100.00     
   OUTLET PRESSURE       BAR                                  1.6212     
   HEAT DUTY             CAL/SEC                             0.19035E+07 
   OUTLET VAPOR FRACTION                                      1.0000     
   PRESSURE-DROP CORRELATION PARAMETER                        2536.3     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.95715        0.96232        0.95715         1.3855     
      WATER            0.33718E-01    0.31840E-01    0.33718E-01     1.4751     
      METHA-01         0.91276E-02    0.58433E-02    0.91276E-02     2.1759     
 
 BLOCK:  F-H2O-HX MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          HP       
   OUTLET STREAM:         LT       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            4349.86         4349.86         0.00000     
       MASS(KG/HR   )            78364.0         78364.0         0.00000     
       ENTHALPY(CAL/SEC )      -0.823255E+08   -0.829175E+08    0.714054E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                         4.44444     
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    4.4444     
   OUTLET PRESSURE       BAR                                  1.0132     
   HEAT DUTY             CAL/SEC                            -0.59208E+06 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
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       COMP              F(I)           X(I)           Y(I)           K(I)       
      WATER             1.0000         1.0000         1.0000        0.82736E-02 
 
 BLOCK:  F-H2O-PU MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          LP       
   OUTLET STREAM:         HP       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            4349.86         4349.86         0.00000     
       MASS(KG/HR   )            78364.0         78364.0         0.00000     
       ENTHALPY(CAL/SEC )      -0.823257E+08   -0.823255E+08   -0.243133E-05 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    1.31723     
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                         1,323.32        
    PRESSURE CHANGE  BAR                                    0.30398     
    NPSH AVAILABLE   M-KGF/KG                               9.97067     
    FLUID POWER  KW                                         0.67043     
    BRAKE POWER  KW                                         0.83803     
    ELECTRICITY  KW                                         0.88214     
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                   0.88214     
    HEAD DEVELOPED M-KGF/KG                                 3.14063     
 
 BLOCK:  MIX1     MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         3           5           7           LT       
   OUTLET STREAM:         8        
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            5306.23         5306.23         0.00000     
       MASS(KG/HR   )            117576.         117576.       -0.371297E-15 
       ENTHALPY(CAL/SEC )      -0.938068E+08   -0.938068E+08    0.317699E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             2986.50      KG/HR            
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    PRODUCT STREAMS CO2E          2986.50      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   PRESSURE DROP   BAR                                      0.30398     
 
 BLOCK:  P-101    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          1        
   OUTLET STREAM:         2        
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            599.763         599.763         0.00000     
       MASS(KG/HR   )            26986.4         26986.4         0.00000     
       ENTHALPY(CAL/SEC )      -0.110415E+08   -0.110413E+08   -0.230772E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    1.92518     
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                           561.536       
    PRESSURE CHANGE  BAR                                    0.91192     
    NPSH AVAILABLE   M-KGF/KG                              11.8803      
    FLUID POWER  KW                                         0.85346     
    BRAKE POWER  KW                                         1.06683     
    ELECTRICITY  KW                                         1.12298     
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                   1.12298     
    HEAD DEVELOPED M-KGF/KG                                11.6097      
 
Section 22.5.2.3: Make-Up Calculations Aspen Simulation – Stream Report 
 
 1 2 3 4 5                                
 --------- 
 
 STREAM ID               1          2          3          4          5        
 FROM :                  ----       P-101      E-102      ----       C-103    
 TO   :                  P-101      E-102      MIX1       C-103      MIX1     
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 SUBSTREAM: MIXED   
 PHASE: LIQUID LIQUID VAPOR VAPOR VAPOR  
 COMPONENTS: KMOL/HR
   ETHAN-01 574.0661   574.0661   574.0661 0.0 0.0   
   OXYGE-01 0.0 0.0 0.0 288.7482   288.7482 
   CARBO-01 0.0 0.0 0.0  0.0 0.0   
   WATER 20.2226 20.2226 20.2226 0.0 0.0   
   ETHYL-01 0.0 0.0 0.0 0.0 0.0   
   ACETA-01 0.0 0.0 0.0 0.0 0.0   
   ETHYL-02 0.0 0.0 0.0 0.0 0.0   
   DIETH-01 0.0 0.0 0.0 0.0 0.0   
   TRIET-01 0.0 0.0 0.0 0.0 0.0   
   METHA-01 5.4744 5.4744 5.4744 0.0 0.0   
 TOTAL FLOW:
   KMOL/HR 599.7631   599.7631   599.7631   288.7482   288.7482 
   KG/HR 2.6986+04  2.6986+04  2.6986+04  9239.5949  9239.5949 
   L/MIN 561.5357   561.5783  1.9129+05  1.1774+05  9.9362+04 
 STATE VARIABLES: 
   TEMP   C 25.0000 25.0525   100.0000 25.0000 53.9538 
   PRES   BAR 1.0133 1.9252 1.6212 1.0133 1.3172 
   VFRAC 0.0 0.0    1.0000 1.0000 1.0000 
   LFRAC 1.0000 1.0000 0.0 0.0 0.0   
   SFRAC 0.0 0.0 0.0 0.0 0.0   
 ENTHALPY:
   CAL/MOL -6.6275+04 -6.6274+04 -5.4848+04 -8.8977-13   203.4687 
   CAL/GM -1472.9455 -1472.9116 -1218.9787 -2.7806-14 6.3586 
   CAL/SEC -1.1042+07 -1.1041+07 -9.1377+06 -7.1367-11  1.6320+04 
 ENTROPY:
   CAL/MOL-K -80.7849 -80.7798 -48.9008 0.0 0.1303 
   CAL/GM-K -1.7954 -1.7953 -1.0868 0.0 4.0708-03 
 DENSITY:
   MOL/CC 1.7801-02  1.7800-02  5.2255-05  4.0875-05  4.8434-05 
   GM/CC 0.8010 0.8009  2.3512-03  1.3079-03  1.5498-03 
 AVG MW 44.9951 44.9951 44.9951 31.9988 31.9988 
 6 7 8 HP LP
 ----------- 
 STREAM ID 6 7   8 HP LP
 FROM : ---- C-104 MIX1 F-H2O-PU   ----
 TO   : C-104 MIX1 ---- F-H2O-HX F-H2O-PU
 SUBSTREAM: MIXED   
 PHASE: VAPOR VAPOR   MIXED LIQUID LIQUID 
 COMPONENTS: KMOL/HR
   ETHAN-01 0.0 0.0 574.0661 0.0 0.0   
   OXYGE-01 0.0 0.0 288.7482 0.0 0.0   
   CARBO-01 67.8599 67.8599 67.8599 0.0 0.0   
   WATER 0.0 0.0 4370.0839  4349.8613  4349.8613 
   ETHYL-01 0.0 0.0 0.0 0.0 0.0   
   ACETA-01 0.0 0.0 0.0 0.0   0.0   
   ETHYL-02 0.0 0.0 0.0 0.0 0.0   
   DIETH-01 0.0 0.0 0.0 0.0 0.0   
   TRIET-01 0.0 0.0 0.0 0.0 0.0   
   METHA-01  0.0 0.0 5.4744 0.0 0.0   
 TOTAL FLOW:
   KMOL/HR 67.8599 67.8599  5306.2325  4349.8613  4349.8613 
   KG/HR 2986.5021  2986.5021  1.1758+05  7.8364+04  7.8364+04 
   L/MIN 2.7670+04  2.2877+04  3.8779+05  1323.3305  1323.3184 
 STATE VARIABLES: 
   TEMP   C 25.0000 47.3011 56.6495 32.2315 32.2222 
   PRES   BAR 1.0133 1.3172 0.7093 1.3172 1.0133 
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   VFRAC                  1.0000     1.0000     0.1129     0.0        0.0    
   LFRAC                  0.0        0.0        0.8871     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -9.3988+04 -9.3787+04 -6.3643+04 -6.8134+04 -6.8134+04 
   CAL/GM             -2135.6209 -2131.0452 -2872.2124 -3781.9887 -3781.9979 
   CAL/SEC            -1.7717+06 -1.7679+06 -9.3807+07 -8.2325+07 -8.2326+07 
 ENTROPY:         
   CAL/MOL-K              0.6889     0.8192   -37.3895   -38.5407   -38.5412 
   CAL/GM-K            1.5654-02  1.8613-02    -1.6874    -2.1393    -2.1394 
 DENSITY:         
   MOL/CC              4.0875-05  4.9439-05  2.2806-04  5.4784-02  5.4785-02 
   GM/CC               1.7989-03  2.1758-03  5.0533-03     0.9870     0.9870 
 AVG MW                  44.0098    44.0098    22.1582    18.0153    18.0153 
 
 LT                                       
 -- 
 
 STREAM ID               LT       
 FROM :                  F-H2O-HX 
 TO   :                  MIX1     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               4349.8613 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR             4349.8613 
   KG/HR               7.8364+04 
   L/MIN               1288.5768 
 STATE VARIABLES: 
   TEMP   C               4.4444 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8624+04 
   CAL/GM             -3809.1884 
   CAL/SEC            -8.2918+07 
 ENTROPY:         
   CAL/MOL-K            -40.2136 
   CAL/GM-K              -2.2322 
 DENSITY:         
   MOL/CC              5.6262-02 
   GM/CC                  1.0136 
 AVG MW                  18.0153 
 
 1                                        
 - 
 
 STREAM ID               1        
 FROM :                  ----     
 TO   :                  P-101    
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 SUBSTREAM: MIXED   
 PHASE: LIQUID 
 COMPONENTS: KMOL/HR
   ETHAN-01 574.0661 
   OXYGE-01 0.0   
   CARBO-01 0.0   
   WATER 20.2226 
   ETHYL-01 0.0   
   ACETA-01 0.0   
   ETHYL-02   0.0   
   DIETH-01 0.0   
   TRIET-01 0.0   
   METHA-01 5.4744 
 TOTAL FLOW:
   KMOL/HR 599.7631 
   KG/HR 2.6986+04 
   L/MIN 561.5357 
 STATE VARIABLES: 
   TEMP   C 25.0000 
   PRES   BAR 1.0133 
   VFRAC 0.0   
   LFRAC 1.0000 
   SFRAC 0.0   
 ENTHALPY:
   CAL/MOL -6.6275+04
   CAL/GM -1472.9455
   CAL/SEC -1.1042+07
 ENTROPY:
   CAL/MOL-K -80.7849
   CAL/GM-K -1.7954
 DENSITY:
   MOL/CC 1.7801-02 
   GM/CC 0.8010 
 AVG MW 44.9951 
 2
 - 
 STREAM ID 2
 FROM : P-101
 TO   : E-102
 SUBSTREAM: MIXED   
 PHASE: LIQUID 
 COMPONENTS: KMOL/HR
   ETHAN-01 574.0661 
   OXYGE-01 0.0   
   CARBO-01 0.0   
   WATER 20.2226 
   ETHYL-01 0.0   
   ACETA-01 0.0   
   ETHYL-02 0.0   
   DIETH-01 0.0   
   TRIET-01  0.0   
   METHA-01 5.4744 
 TOTAL FLOW:
   KMOL/HR 599.7631 
   KG/HR 2.6986+04 
   L/MIN 561.5783 
 STATE VARIABLES: 
   TEMP   C 25.0525 
   PRES   BAR 1.9252 
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   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.6274+04 
   CAL/GM             -1472.9116 
   CAL/SEC            -1.1041+07 
 ENTROPY:         
   CAL/MOL-K            -80.7798 
   CAL/GM-K              -1.7953 
 DENSITY:         
   MOL/CC              1.7800-02 
   GM/CC                  0.8009 
 AVG MW                  44.9951 
 
 3                                        
 - 
 
 STREAM ID               3        
 FROM :                  E-102    
 TO   :                  MIX1     
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01             574.0661 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                 20.2226 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               5.4744 
 TOTAL FLOW:      
   KMOL/HR              599.7631 
   KG/HR               2.6986+04 
   L/MIN               1.9129+05 
 STATE VARIABLES: 
   TEMP   C             100.0000 
   PRES   BAR             1.6212 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.4848+04 
   CAL/GM             -1218.9787 
   CAL/SEC            -9.1377+06 
 ENTROPY:         
   CAL/MOL-K            -48.9008 
   CAL/GM-K              -1.0868 
 DENSITY:         
   MOL/CC              5.2255-05 
   GM/CC               2.3512-03 
 AVG MW                  44.9951 
 
 4                                        
 - 
 
 STREAM ID               4        
 FROM :                  ----     
 TO   :                  C-103    
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 SUBSTREAM: MIXED   
 PHASE: VAPOR  
 COMPONENTS: KMOL/HR
   ETHAN-01 0.0   
   OXYGE-01 288.7482 
   CARBO-01 0.0   
   WATER 0.0   
   ETHYL-01 0.0   
   ACETA-01 0.0   
   ETHYL-02 0.0   
   DIETH-01 0.0   
   TRIET-01 0.0   
   METHA-01 0.0   
 TOTAL FLOW:
   KMOL/HR 288.7482 
   KG/HR 9239.5949 
   L/MIN 1.1774+05 
 STATE VARIABLES: 
   TEMP   C 25.0000 
   PRES   BAR 1.0133 
   VFRAC 1.0000 
   LFRAC 0.0   
   SFRAC 0.0   
 ENTHALPY:
   CAL/MOL -8.8977-13
   CAL/GM -2.7806-14
   CAL/SEC -7.1367-11
 ENTROPY:
   CAL/MOL-K 0.0   
   CAL/GM-K 0.0   
 DENSITY:
   MOL/CC 4.0875-05 
   GM/CC 1.3079-03 
 AVG MW 31.9988 
 5
 - 
 STREAM ID 5
 FROM : C-103
 TO   : MIX1
 SUBSTREAM: MIXED   
 PHASE: VAPOR  
 COMPONENTS: KMOL/HR
   ETHAN-01    0.0   
   OXYGE-01 288.7482 
   CARBO-01 0.0   
   WATER 0.0   
   ETHYL-01 0.0   
   ACETA-01 0.0   
   ETHYL-02 0.0   
   DIETH-01 0.0   
   TRIET-01 0.0   
   METHA-01 0.0   
 TOTAL FLOW:
   KMOL/HR 288.7482 
   KG/HR 9239.5949 
   L/MIN 9.9362+04 
 STATE VARIABLES: 
   TEMP   C 53.9538 
   PRES   BAR 1.3172 
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   VFRAC 1.0000 
   LFRAC 0.0   
   SFRAC 0.0   
 ENTHALPY:
   CAL/MOL 203.4687 
   CAL/GM 6.3586 
   CAL/SEC 1.6320+04 
 ENTROPY:
   CAL/MOL-K 0.1303 
   CAL/GM-K 4.0708-03 
 DENSITY:
   MOL/CC 4.8434-05 
   GM/CC 1.5498-03 
 AVG MW 31.9988 
 6
 - 
 STREAM ID 6
 FROM : ----
 TO   : C-104
 SUBSTREAM: MIXED   
 PHASE: VAPOR  
 COMPONENTS: KMOL/HR
   ETHAN-01 0.0   
   OXYGE-01 0.0   
   CARBO-01 67.8599 
   WATER 0.0   
   ETHYL-01 0.0   
   ACETA-01 0.0   
   ETHYL-02 0.0   
   DIETH-01 0.0   
   TRIET-01 0.0   
   METHA-01 0.0   
 TOTAL FLOW:
   KMOL/HR 67.8599 
   KG/HR 2986.5021 
   L/MIN 2.7670+04 
 STATE VARIABLES: 
   TEMP   C 25.0000 
   PRES   BAR 1.0133 
   VFRAC 1.0000 
   LFRAC 0.0   
   SFRAC 0.0   
 ENTHALPY:
   CAL/MOL -9.3988+04
   CAL/GM -2135.6209
   CAL/SEC -1.7717+06
 ENTROPY:
   CAL/MOL-K 0.6889 
   CAL/GM-K 1.5654-02 
 DENSITY:
   MOL/CC 4.0875-05 
   GM/CC 1.7989-03 
 AVG MW 44.0098 
 7
 - 
 STREAM ID 7
 FROM : C-104
 TO   : MIX1
535
  SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01               0.0    
   CARBO-01              67.8599 
   WATER                  0.0    
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR               67.8599 
   KG/HR               2986.5021 
   L/MIN               2.2877+04 
 STATE VARIABLES: 
   TEMP   C              47.3011 
   PRES   BAR             1.3172 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -9.3787+04 
   CAL/GM             -2131.0452 
   CAL/SEC            -1.7679+06 
 ENTROPY:         
   CAL/MOL-K              0.8192 
   CAL/GM-K            1.8613-02 
 DENSITY:         
   MOL/CC              4.9439-05 
   GM/CC               2.1758-03 
 AVG MW                  44.0098 
 
 8                                        
 - 
 
 STREAM ID               8        
 FROM :                  MIX1     
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   ETHAN-01             574.0661 
   OXYGE-01             288.7482 
   CARBO-01              67.8599 
   WATER               4370.0839 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               5.4744 
 TOTAL FLOW:      
   KMOL/HR             5306.2325 
   KG/HR               1.1758+05 
   L/MIN               3.8779+05 
 STATE VARIABLES: 
   TEMP   C              56.6495 
   PRES   BAR             0.7093 
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   VFRAC                  0.1129 
   LFRAC                  0.8871 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.3643+04 
   CAL/GM             -2872.2124 
   CAL/SEC            -9.3807+07 
 ENTROPY:         
   CAL/MOL-K            -37.3895 
   CAL/GM-K              -1.6874 
 DENSITY:         
   MOL/CC              2.2806-04 
   GM/CC               5.0533-03 
 AVG MW                  22.1582 
 
 HP                                       
 -- 
 
 STREAM ID               HP       
 FROM :                  F-H2O-PU 
 TO   :                  F-H2O-HX 
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               4349.8613 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR             4349.8613 
   KG/HR               7.8364+04 
   L/MIN               1323.3305 
 STATE VARIABLES: 
   TEMP   C              32.2315 
   PRES   BAR             1.3172 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8134+04 
   CAL/GM             -3781.9887 
   CAL/SEC            -8.2325+07 
 ENTROPY:         
   CAL/MOL-K            -38.5407 
   CAL/GM-K              -2.1393 
 DENSITY:         
   MOL/CC              5.4784-02 
   GM/CC                  0.9870 
 AVG MW                  18.0153 
 
 LP                                       
 -- 
 
 STREAM ID               LP       
 FROM :                  ----     
 TO   :                  F-H2O-PU 
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  SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               4349.8613 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR             4349.8613 
   KG/HR               7.8364+04 
   L/MIN               1323.3184 
 STATE VARIABLES: 
   TEMP   C              32.2222 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8134+04 
   CAL/GM             -3781.9979 
   CAL/SEC            -8.2326+07 
 ENTROPY:         
   CAL/MOL-K            -38.5412 
   CAL/GM-K              -2.1394 
 DENSITY:         
   MOL/CC              5.4785-02 
   GM/CC                  0.9870 
 AVG MW                  18.0153 
 
 LT                                       
 -- 
 
 STREAM ID               LT       
 FROM :                  F-H2O-HX 
 TO   :                  MIX1     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               4349.8613 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR             4349.8613 
   KG/HR               7.8364+04 
   L/MIN               1288.5768 
 STATE VARIABLES: 
   TEMP   C               4.4444 
   PRES   BAR             1.0133 
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   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8624+04 
   CAL/GM             -3809.1884 
   CAL/SEC            -8.2918+07 
 ENTROPY:         
   CAL/MOL-K            -40.2136 
   CAL/GM-K              -2.2322 
 DENSITY:         
   MOL/CC              5.6262-02 
   GM/CC                  1.0136 
 AVG MW                  18.0153 
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Section 22.5.3.1: Without CO2 Diluent – Full Aspen Simulation – Input Summary 
; 
;Input Summary created by Aspen Plus Rel. 36.0 at 19:45:16 Sun Apr 21, 2019 
;Directory S:\4.19_FULL_ASPEN_NO_CO2_RESULTS  Filename 
C:\Users\goldensa\AppData\Local\Temp\~ap88ee.txt 
; 
 
 
DYNAMICS 
    DYNAMICS RESULTS=ON 
 
IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
 
DEF-STREAMS CONVEN ALL  
 
MODEL-OPTION  
 
DATABANKS 'APV100 PURE36' / 'APV100 AQUEOUS' / 'APV100 SOLIDS' & 
         / 'APV100 INORGANIC' / 'APESV100 AP-EOS' /  & 
        'NISTV100 NIST-TRC' / NOASPENPCD 
 
PROP-SOURCES 'APV100 PURE36' / 'APV100 AQUEOUS' /  & 
        'APV100 SOLIDS' / 'APV100 INORGANIC' / 'APESV100 AP-EOS' & 
         / 'NISTV100 NIST-TRC' 
 
COMPONENTS  
    ETHAN-01 C2H6O-2 /  
    OXYGE-01 O2 /  
    CARBO-01 CO2 /  
    WATER H2O /  
    ETHYL-01 C2H4O-2 /  
    ACETA-01 C2H4O-1 /  
    ETHYL-02 C2H6O2 /  
    DIETH-01 C4H10O3 /  
    TRIET-01 C6H14O4 /  
    METHA-01 CH4O  
 
HENRY-COMPS GASES OXYGE-01 CARBO-01  
 
SOLVE  
    RUN-MODE MODE=SIM  
 
FLOWSHEET  
    BLOCK MIX1 IN=3 5 OUT=8  
    BLOCK R-105 IN=8 OUT=9  
    BLOCK E-202-A IN=10 OUT=11  
    BLOCK A-205 IN=15 12 OUT=17 16  
    BLOCK MIX4 IN=59 61 OUT=62  
    BLOCK R-403 IN=62 OUT=63  
    BLOCK R-404 IN=63 OUT=64  
    BLOCK D-512 IN=72 OUT=76 84  
    BLOCK D-601 IN=84 OUT=85 86  
    BLOCK E-102 IN=2 OUT=3  
    BLOCK F-501 IN=64 OUT=66 65  
    BLOCK F-502 IN=65 Q-614 OUT=68 67  
    BLOCK F-503 IN=67 Q-615 OUT=70 69  
    BLOCK MIXER7 IN=77 78 79 80 OUT=81  
    BLOCK E-504 IN=66 OUT=73 Q-614  
    BLOCK E-505 IN=68 OUT=74 Q-615  
    BLOCK P-510 IN=69 OUT=71  
    BLOCK D-302 IN=33 OUT=35 34  
    BLOCK ETH-SPLT IN=39 OUT=41 40  
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    BLOCK D-305 IN=37 OUT=39 38  
    BLOCK W1-MIX IN=34 38 OUT=42  
    BLOCK W1-SPLIT IN=55 OUT=57 56  
    BLOCK GAS-SPLT IN=30 OUT=31 32  
    BLOCK D-211 IN=26 OUT=28 27  
    BLOCK P-401 IN=28 OUT=59  
    BLOCK P-507 IN=73 OUT=77  
    BLOCK P-508 IN=74 OUT=78  
    BLOCK P-509 IN=75 OUT=79  
    BLOCK P-613 IN=76 OUT=80  
    BLOCK GR-MIX IN=18 OUT=30  
    BLOCK P-402 IN=60 OUT=61  
    BLOCK E-506 IN=70 OUT=75  
    BLOCK P-602 IN=85 OUT=87  
    BLOCK E-603 IN=87 OUT=88  
    BLOCK E-604 IN=86 OUT=89  
    BLOCK P-101 IN=1 OUT=2  
    BLOCK C-103 IN=4 OUT=5  
    BLOCK C-201 IN=9 OUT=10  
    BLOCK C-206 IN=17 OUT=18  
    BLOCK W2-MIX IN=81 OUT=82 83  
    BLOCK PRGE-MIX IN=56 32 41 OUT=58  
    BLOCK E-210 IN=25 OUT=26  
    BLOCK E-511 IN=71 OUT=72  
    BLOCK P-303 IN=35 OUT=36  
    BLOCK E-304 IN=36 OUT=37  
    BLOCK E-301 IN=27 OUT=33  
    BLOCK P-208 IN=16 OUT=25  
    BLOCK P-307 IN=42 OUT=47  
    BLOCK E-310-A IN=47 OUT=50  
    BLOCK E-310-B IN=50 OUT=55  
    BLOCK P-203 IN=13 OUT=14  
    BLOCK E-204 IN=14 OUT=15  
    BLOCK E-202-B IN=11 OUT=12  
 
PROPERTIES UNIQUAC HENRY-COMPS=GASES  
    PROPERTIES UNIFAC  
 
PROP-DATA HENRY-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST HENRY  
    BPVAL OXYGE-01 ETHAN-01 -30.29762546 651.8400270 7.021200000  & 
        -.0149260000 -25.00000000 50.00000000 0.0  
    BPVAL OXYGE-01 WATER 144.4080745 -7775.060000 -18.39740000  & 
        -9.4435400E-3 .8500000000 74.85000000 0.0  
    BPVAL OXYGE-01 ETHYL-02 9.891274535 0.0 0.0 0.0  & 
        20.00000000 20.00000000 0.0  
    BPVAL OXYGE-01 METHA-01 26.69817654 -767.5700070  & 
        -2.977400000 2.19200000E-3 -25.00000000 50.00000000 0.0  
    BPVAL CARBO-01 ETHAN-01 89.58307554 -5018.799805  & 
        -11.89100000 0.0 10.00000000 40.00000000 0.0  
    BPVAL CARBO-01 WATER 159.1996745 -8477.711000 -21.95743000  & 
        5.78074800E-3 -.1500000000 226.8500000 0.0  
    BPVAL CARBO-01 ETHYL-02 -83.81752946 2941.399902 14.04600000  & 
        0.0 0.0 20.00000000 0.0  
    BPVAL CARBO-01 METHA-01 15.46987454 -3426.699951 1.510800000  & 
        -.0254510000 0.0 20.00000000 0.0  
 
PROP-DATA UNIQ-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar' SHORT-LENGTH=mm  
    PROP-LIST UNIQ  
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    BPVAL ETHAN-01 WATER 2.004600000 -728.9705000 0.0 0.0  & 
        24.99000000 100.0000000 0.0  
    BPVAL WATER ETHAN-01 -2.493600000 756.9477000 0.0 0.0  & 
        24.99000000 100.0000000 0.0  
    BPVAL ETHAN-01 ACETA-01 -7.963400000 2209.547900 0.0 0.0  & 
        10.00000000 77.70000000 0.0  
    BPVAL ACETA-01 ETHAN-01 1.226700000 -113.5067000 0.0 0.0  & 
        10.00000000 77.70000000 0.0  
    BPVAL ETHAN-01 ETHYL-02 -8.230800000 2632.925500 0.0 0.0  & 
        50.00000000 190.0000000 0.0  
    BPVAL ETHYL-02 ETHAN-01 2.687600000 -959.5647000 0.0 0.0  & 
        50.00000000 190.0000000 0.0  
    BPVAL WATER ETHYL-01 0.0 133.7554000 0.0 0.0 5.000000000  & 
        50.00000000 0.0  
    BPVAL ETHYL-01 WATER 0.0 -881.8782000 0.0 0.0 5.000000000  & 
        50.00000000 0.0  
    BPVAL WATER ACETA-01 -4.639600000 1516.808600 0.0 0.0  & 
        10.00000000 55.80000000 0.0  
    BPVAL ACETA-01 WATER 12.27620000 -4345.301300 0.0 0.0  & 
        10.00000000 55.80000000 0.0  
    BPVAL WATER ETHYL-02 -.6018000000 120.7787000 0.0 0.0  & 
        30.40000000 196.7000000 0.0  
    BPVAL ETHYL-02 WATER .6018000000 -18.67140000 0.0 0.0  & 
        30.40000000 196.7000000 0.0  
    BPVAL WATER DIETH-01 0.0 -519.4400000 0.0 0.0 101.8500000  & 
        159.3500000 0.0  
    BPVAL DIETH-01 WATER 0.0 370.3248000 0.0 0.0 101.8500000  & 
        159.3500000 0.0  
    BPVAL ETHYL-01 ACETA-01 0.0 -108.8820000 0.0 0.0  & 
        10.40000000 17.30000000 0.0  
    BPVAL ACETA-01 ETHYL-01 0.0 106.5449000 0.0 0.0  & 
        10.40000000 17.30000000 0.0  
    BPVAL ETHYL-02 DIETH-01 3.713200000 -2374.060800 0.0 0.0  & 
        139.5000000 244.0000000 0.0  
    BPVAL DIETH-01 ETHYL-02 -.1438000000 396.9103000 0.0 0.0  & 
        139.5000000 244.0000000 0.0  
    BPVAL DIETH-01 TRIET-01 0.0 -1650.727200 0.0 0.0  & 
        169.0000000 210.0000000 0.0  
    BPVAL TRIET-01 DIETH-01 0.0 443.2478000 0.0 0.0  & 
        169.0000000 210.0000000 0.0  
    BPVAL ETHAN-01 METHA-01 1.289100000 -273.6917000 0.0 0.0  & 
        20.00000000 78.40000000 0.0  
    BPVAL METHA-01 ETHAN-01 -2.650900000 651.4882000 0.0 0.0  & 
        20.00000000 78.40000000 0.0  
    BPVAL WATER METHA-01 .6437000000 -322.1312000 0.0 0.0  & 
        24.99000000 100.0000000 0.0  
    BPVAL METHA-01 WATER -1.066200000 432.8785000 0.0 0.0  & 
        24.99000000 100.0000000 0.0  
    BPVAL ETHYL-02 METHA-01 2.887900000 -822.9154000 0.0 0.0  & 
        40.00000000 199.0000000 0.0  
    BPVAL METHA-01 ETHYL-02 -30.04410000 9254.067400 0.0 0.0  & 
        40.00000000 199.0000000 0.0  
    BPVAL DIETH-01 METHA-01 1.210500000 -91.64950000 0.0 0.0  & 
        85.35000000 227.1500000 0.0  
    BPVAL METHA-01 DIETH-01 -1.318800000 -14.35410000 0.0 0.0  & 
        85.35000000 227.1500000 0.0  
 
STREAM 1  
    SUBSTREAM MIXED TEMP=25. PRES=1. <atm> MASS-FLOW=36150.  
    MASS-FRAC ETHAN-01 0.98 / WATER 0.0135 / METHA-01 0.0065  
 
STREAM 4  
    SUBSTREAM MIXED TEMP=25. PRES=1. <atm> MASS-FLOW=24450.  
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    MASS-FRAC OXYGE-01 1.  
 
STREAM 13  
    SUBSTREAM MIXED TEMP=90. <F> PRES=1. <atm> MASS-FLOW=126000.  
    MASS-FRAC WATER 1.  
 
STREAM 60  
    SUBSTREAM MIXED TEMP=25. PRES=1. <atm> MOLE-FLOW=11940.  
    MASS-FRAC WATER 1.  
 
DEF-STREAMS HEAT Q-614 
 
DEF-STREAMS HEAT Q-615 
 
BLOCK GR-MIX MIXER  
    PARAM PRES=-0.3 <atm>  
 
BLOCK MIX1 MIXER  
    PARAM PRES=-0.3 <atm>  
 
BLOCK MIX4 MIXER  
    PARAM PRES=-0.3 <atm>  
 
BLOCK MIXER7 MIXER  
    PARAM PRES=-0.3 <atm>  
 
BLOCK PRGE-MIX MIXER  
    PARAM PRES=-0.3 <atm>  
 
BLOCK W1-MIX MIXER  
    PARAM PRES=-0.3 <atm>  
 
BLOCK ETH-SPLT FSPLIT  
    PARAM PRES=-0.3 <atm>  
    R-FRAC 41 0.03  
 
BLOCK GAS-SPLT FSPLIT  
    PARAM PRES=-0.3 <atm>  
    R-FRAC 32 0.01  
 
BLOCK W1-SPLIT FSPLIT  
    PARAM PRES=-0.3 <atm>  
    R-FRAC 56 0.05  
 
BLOCK W2-MIX FSPLIT  
    PARAM PRES=-0.3 <atm>  
    R-FRAC 83 0.05  
 
BLOCK D-305 SEP2  
    PARAM PRES=0.  
    STREAM-MASS- MIXED 39 7055.  
    FRAC STREAM=39 SUBSTREAM=MIXED COMPS=ETHAN-01 OXYGE-01  & 
        CARBO-01 ETHYL-01 ACETA-01 METHA-01 FRACS=0.99 0.99  & 
        0.99 0.99 0.99 0.99  
    MOLE-FRAC STREAM=39 SUBSTREAM=MIXED COMPS=ETHYL-02  & 
        DIETH-01 TRIET-01 FRACS=0. 0. 0.  
 
BLOCK E-102 HEATER  
    PARAM TEMP=100. PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK E-202-A HEATER  
    PARAM TEMP=79.444 PRES=-0.3 <atm> DPPARMOPT=NO  
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BLOCK E-202-B HEATER  
    PARAM TEMP=15. PRES=0. DPPARMOPT=NO  
 
BLOCK E-204 HEATER  
    PARAM TEMP=5. PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK E-210 HEATER  
    PARAM TEMP=98. PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK E-301 HEATER  
    PARAM TEMP=220. <F> PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK E-304 HEATER  
    PARAM TEMP=300. <F> PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK E-310-A HEATER  
    PARAM TEMP=120. <F> PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK E-310-B HEATER  
    PARAM TEMP=40. <F> PRES=0. DPPARMOPT=NO  
 
BLOCK E-504 HEATER  
    PARAM TEMP=90. <F> PRES=0. <atm> DPPARMOPT=NO  
 
BLOCK E-505 HEATER  
    PARAM TEMP=90. <F> PRES=0. <atm> DPPARMOPT=NO  
 
BLOCK E-506 HEATER  
    PARAM TEMP=90. <F> PRES=0. <atm> DPPARMOPT=NO  
 
BLOCK E-511 HEATER  
    PARAM TEMP=200. PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK E-603 HEATER  
    PARAM TEMP=90. <F> PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK E-604 HEATER  
    PARAM TEMP=90. <F> PRES=-0.3 <atm> DPPARMOPT=NO  
 
BLOCK F-501 FLASH2  
    PARAM PRES=0.635 <atm> DUTY=4400000.  
 
BLOCK F-502 FLASH2  
    PARAM PRES=0.48 <atm>  
 
BLOCK F-503 FLASH2  
    PARAM PRES=0.335 <atm>  
 
BLOCK A-205 RADFRAC  
    SUBOBJECTS INTERNALS = CS-1  
    PARAM NSTAGE=9 ALGORITHM=NONIDEAL INIT-OPTION=STANDARD  & 
        HYDRAULIC=NO MAXOL=25 DAMPING=NONE  
    PARAM2 STATIC-DP=YES  
    COL-CONFIG CONDENSER=NONE REBOILER=NONE CA-CONFIG=INT-1  
    FEEDS 15 1 ABOVE-STAGE / 12 9 ON-STAGE  
    PRODUCTS 17 1 V / 16 9 L  
    P-SPEC 1 1. <atm>  
    COL-SPECS DP-COL=0.3 <atm>  
    REPORT NOHYDRAULIC  
    INTERNALS CS-1 STAGE1=2 STAGE2=8 P-UPDATE=NO NPASS=4  & 
        TRAY-SPACE=0.6096  
    TRAY-SIZE 1 2 8 SIEVE  
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BLOCK D-211 RADFRAC  
    SUBOBJECTS INTERNALS = CS-1  
    PARAM NSTAGE=15 ALGORITHM=STANDARD HYDRAULIC=NO MAXOL=25  & 
        DAMPING=NONE  
    PARAM2 STATIC-DP=YES  
    COL-CONFIG CONDENSER=TOTAL CA-CONFIG=INT-1  
    FEEDS 26 8  
    PRODUCTS 28 1 L / 27 15 L  
    P-SPEC 1 4. <atm>  
    COL-SPECS DP-COL=0.3 <atm> MASS-D=26500. MASS-RR=0.6  
    REPORT NOHYDRAULIC  
    INTERNALS CS-1 STAGE1=2 STAGE2=14 P-UPDATE=NO NPASS=4  
    TRAY-SIZE 1 2 14 SIEVE  
 
BLOCK D-302 RADFRAC  
    SUBOBJECTS INTERNALS = CS-1  
    PARAM NSTAGE=15 ALGORITHM=NEWTON INIT-OPTION=AZEOTROPIC  & 
        HYDRAULIC=NO MAXOL=25 DAMPING=NONE  
    PARAM2 STATIC-DP=YES  
    COL-CONFIG CONDENSER=TOTAL CA-CONFIG=INT-1  
    FEEDS 33 8  
    PRODUCTS 35 1 L / 34 15 L  
    P-SPEC 1 1. <atm>  
    COL-SPECS QN=29000000. DP-COL=0.3 <atm> MASS-D=7500.  
    REPORT NOHYDRAULIC  
    INTERNALS CS-1 STAGE1=2 STAGE2=14 P-UPDATE=NO NPASS=4  & 
        TRAY-SPACE=0.6096  
    TRAY-SIZE 1 2 14 SIEVE  
 
BLOCK D-512 RADFRAC  
    SUBOBJECTS INTERNALS = CS-1  
    PARAM NSTAGE=11 ALGORITHM=STANDARD HYDRAULIC=NO MAXOL=25  & 
        DAMPING=NONE  
    PARAM2 STATIC-DP=YES  
    COL-CONFIG CONDENSER=TOTAL CA-CONFIG=INT-1  
    FEEDS 72 6  
    PRODUCTS 84 11 L / 76 1 L  
    P-SPEC 1 1. <atm>  
    COL-SPECS DP-COL=0.3 <atm> MASS-D=44225. MASS-RR=0.5  
    REPORT NOHYDRAULIC  
    INTERNALS CS-1 STAGE1=2 STAGE2=10 P-UPDATE=NO NPASS=1  
    TRAY-SIZE 1 2 10 SIEVE  
 
BLOCK D-601 RADFRAC  
    SUBOBJECTS INTERNALS = CS-1  
    PARAM NSTAGE=14 ALGORITHM=STANDARD HYDRAULIC=NO MAXOL=25  & 
        DAMPING=NONE  
    PARAM2 STATIC-DP=YES  
    COL-CONFIG CONDENSER=TOTAL CA-CONFIG=INT-1  
    FEEDS 84 7  
    PRODUCTS 85 1 L / 86 14 L  
    P-SPEC 1 1. <atm>  
    COL-SPECS DP-COL=0.3 <atm> MASS-D=27925. MASS-RR=10.5  
    REPORT NOHYDRAULIC  
    INTERNALS CS-1 STAGE1=2 STAGE2=13 P-UPDATE=NO NPASS=1  
    TRAY-SIZE 1 2 13 SIEVE  
 
BLOCK R-105 RSTOIC  
    PARAM TEMP=200. PRES=1. <atm> NPHASE=1 PHASE=V  
    STOIC 1 MIXED OXYGE-01 -0.5 / ETHAN-01 -1. / WATER 1. /  & 
        ETHYL-01 1.  
    STOIC 2 MIXED ETHAN-01 -1. / OXYGE-01 -0.5 / ACETA-01  & 
        1. / WATER 1.  
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    STOIC 3 MIXED ETHAN-01 -1. / OXYGE-01 -3. / CARBO-01 2. / & 
        WATER 3.  
    CONV 1 MIXED ETHAN-01 0.76  
    CONV 2 MIXED ETHAN-01 0.016  
    CONV 3 MIXED ETHAN-01 0.024  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK R-403 RSTOIC  
    PARAM TEMP=150. PRES=10. <atm>  
    STOIC 1 MIXED ETHYL-01 -1. / WATER -1. / ETHYL-02 1.  
    STOIC 2 MIXED ETHYL-01 -1. / ETHYL-02 -1. / DIETH-01 1.  
    STOIC 3 MIXED ETHYL-01 -1. / DIETH-01 -1. / TRIET-01 1.  
    CONV 1 MIXED ETHYL-01 0.93718  
    CONV 2 MIXED ETHYL-01 0.04985  
    CONV 3 MIXED ETHYL-01 0.00997  
 
BLOCK R-404 RSTOIC  
    PARAM TEMP=130. PRES=10. <atm>  
    STOIC 1 MIXED ETHYL-01 -1. / WATER -1. / ETHYL-02 1.  
    STOIC 2 MIXED ETHYL-01 -1. / ETHYL-02 -1. / DIETH-01 1.  
    STOIC 3 MIXED ETHYL-01 -1. / DIETH-01 -1. / TRIET-01 1.  
    CONV 1 MIXED ETHYL-01 0.88  
    CONV 2 MIXED ETHYL-01 0.095  
    CONV 3 MIXED ETHYL-01 0.025  
 
BLOCK P-101 PUMP  
    PARAM PRES=1.9 <atm> EFF=0.8 DEFF=0.95  
 
BLOCK P-203 PUMP  
    PARAM PRES=1.3 <atm> EFF=0.8 DEFF=0.95 NPHASE=1  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK P-208 PUMP  
    PARAM PRES=4.9 <atm> EFF=0.8 DEFF=0.95  
 
BLOCK P-303 PUMP  
    PARAM PRES=65. <psig> EFF=0.8 DEFF=0.95  
 
BLOCK P-307 PUMP  
    PARAM PRES=2.2 <atm> EFF=0.8 DEFF=0.95 NPHASE=2  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK P-401 PUMP  
    PARAM PRES=11. <atm> EFF=0.8 DEFF=0.95 NPHASE=2  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK P-402 PUMP  
    PARAM PRES=11. <atm> EFF=0.8 DEFF=0.95  
 
BLOCK P-507 PUMP  
    PARAM PRES=11.6 <atm> EFF=0.8 DEFF=0.95 NPHASE=2  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK P-508 PUMP  
    PARAM PRES=11.6 <atm> EFF=0.8 DEFF=0.95 NPHASE=2  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK P-509 PUMP  
    PARAM PRES=11.6 <atm> EFF=0.8 DEFF=0.95 NPHASE=2  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK P-510 PUMP  
    PARAM PRES=1.6 <atm> EFF=0.8 DEFF=0.95 NPHASE=2  
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    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK P-602 PUMP  
    PARAM PRES=1.3 <atm>  
 
BLOCK P-613 PUMP  
    PARAM PRES=11.6 <atm> EFF=0.8 DEFF=0.95 NPHASE=2  
    BLOCK-OPTION FREE-WATER=NO  
 
BLOCK C-103 COMPR  
    PARAM TYPE=ASME-POLYTROP PRES=1.3 <atm> PEFF=0.8 MEFF=0.95  & 
        SB-MAXIT=30 SB-TOL=0.0001   
 
BLOCK C-201 COMPR  
    PARAM TYPE=ASME-POLYTROP PRES=1.6 <atm> PEFF=0.8 MEFF=0.95  & 
        SB-MAXIT=30 SB-TOL=0.0001   
 
BLOCK C-206 COMPR  
    PARAM TYPE=ASME-POLYTROP PRES=1.9 <atm> PEFF=0.8 MEFF=0.95  & 
        SB-MAXIT=30 SB-TOL=0.0001   
 
EO-CONV-OPTI  
 
SENSITIVITY ABSORBER  
    DEFINE EORECOV MASS-FLOW STREAM=16 SUBSTREAM=MIXED  & 
        COMPONENT=ETHYL-01 UOM="kg/hr"  
    DEFINE CO2RECOV MASS-FLOW STREAM=16 SUBSTREAM=MIXED  & 
        COMPONENT=CARBO-01 UOM="kg/hr"  
    TABULATE 1 "EORECOV"  
    TABULATE 2 "CO2RECOV"  
    VARY STREAM-VAR STREAM=13 SUBSTREAM=MIXED VARIABLE=MASS-FLOW  & 
        UOM="kg/hr"  
    RANGE OPT-LIST=RANGE LOWER="1e4" UPPER="1.5e5" NPOINT="101"  
    REINIT BLOCKS=ALL STREAMS=ALL  
 
SENSITIVITY AZEOTRPE  
    DEFINE ETHRECOV MASS-FLOW STREAM=35 SUBSTREAM=MIXED  & 
        COMPONENT=ETHAN-01 UOM="kg/hr"  
    DEFINE W1IMPURE MASS-FLOW STREAM=35 SUBSTREAM=MIXED  & 
        COMPONENT=WATER UOM="kg/hr"  
    DEFINE W1BOTFLW MASS-FLOW STREAM=34 SUBSTREAM=MIXED  & 
        COMPONENT=WATER UOM="kg/hr"  
    DEFINE ETHFRAC MOLE-FRAC STREAM=35 SUBSTREAM=MIXED  & 
        COMPONENT=ETHAN-01  
    TABULATE 1 "ETHRECOV"  
    TABULATE 2 "W1IMPURE"  
    TABULATE 3 "W1BOTFLW"  
    TABULATE 4 "ETHFRAC"  
    VARY BLOCK-VAR BLOCK=D-302 VARIABLE=MASS-D  & 
        SENTENCE=COL-SPECS UOM="kg/hr"  
    RANGE OPT-LIST=RANGE LOWER="6000" UPPER="8000" NPOINT="101"  
 
SENSITIVITY DRYETH  
    DEFINE IMPUREW1 MASS-FRAC STREAM=39 SUBSTREAM=MIXED  & 
        COMPONENT=WATER  
    DEFINE ETHRECOV MASS-FLOW STREAM=39 SUBSTREAM=MIXED  & 
        COMPONENT=ETHAN-01 UOM="kg/hr"  
    TABULATE 1 "IMPUREW1"  
    TABULATE 2 "ETHRECOV"  
    VARY BLOCK-VAR BLOCK=D-305 VARIABLE=FLOW  & 
        SENTENCE=STREAM-MASS- ID1=MIXED ID2=39 UOM="kg/hr"  
    RANGE OPT-LIST=RANGE LOWER="6500" UPPER="7250" NPOINT="51"  
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SENSITIVITY EGSD1  
    DEFINE MEGPURE MASS-FRAC STREAM=85 SUBSTREAM=MIXED  & 
        COMPONENT=ETHYL-02  
    DEFINE MEGRECOV MASS-FLOW STREAM=85 SUBSTREAM=MIXED  & 
        COMPONENT=ETHYL-02 UOM="kg/hr"  
    DEFINE DEGFRAC MASS-FRAC STREAM=85 SUBSTREAM=MIXED  & 
        COMPONENT=DIETH-01  
    TABULATE 1 "MEGPURE"  
    TABULATE 2 "MEGRECOV"  
    TABULATE 3 "DEGFRAC"  
    VARY BLOCK-VAR BLOCK=D-601 VARIABLE=MASS-D  & 
        SENTENCE=COL-SPECS UOM="kg/hr"  
    RANGE OPT-LIST=RANGE LOWER="23000" UPPER="29000"  & 
        NPOINT="101"  
 
SENSITIVITY EO  
    DEFINE EORECO MASS-FLOW STREAM=28 SUBSTREAM=MIXED  & 
        COMPONENT=ETHYL-01 UOM="kg/hr"  
    DEFINE CO2INL MASS-FLOW STREAM=28 SUBSTREAM=MIXED  & 
        COMPONENT=CARBO-01 UOM="kg/hr"  
    DEFINE EOINBOT MASS-FLOW STREAM=27 SUBSTREAM=MIXED  & 
        COMPONENT=ETHYL-01 UOM="kg/hr"  
    TABULATE 1 "EORECO"  
    TABULATE 2 "EOPURG"  
    TABULATE 3 "CO2INL"  
    TABULATE 5 "EOINBOT"  
    VARY BLOCK-VAR BLOCK=D-211 VARIABLE=MASS-RR  & 
        SENTENCE=COL-SPECS  
    RANGE OPT-LIST=RANGE LOWER="0.25" UPPER="5" NPOINT="51"  
 
SENSITIVITY MEE  
    DEFINE W2ARECOV MASS-FLOW STREAM=66 SUBSTREAM=MIXED  & 
        COMPONENT=WATER UOM="kg/hr"  
    DEFINE W2BRECOV MASS-FLOW STREAM=68 SUBSTREAM=MIXED  & 
        COMPONENT=WATER UOM="kg/hr"  
    DEFINE W2CRECOV MASS-FLOW STREAM=70 SUBSTREAM=MIXED  & 
        COMPONENT=WATER UOM="kg/hr"  
    DEFINE TEMP1 STREAM-VAR STREAM=66 SUBSTREAM=MIXED  & 
        VARIABLE=TEMP UOM="C"  
    DEFINE TEMP2 STREAM-VAR STREAM=68 SUBSTREAM=MIXED  & 
        VARIABLE=TEMP UOM="C"  
    DEFINE TEMP3 STREAM-VAR STREAM=70 SUBSTREAM=MIXED  & 
        VARIABLE=TEMP UOM="C"  
    TABULATE 1 "W2ARECOV"  
    TABULATE 2 "W2BRECOV"  
    TABULATE 3 "W2CRECOV"  
    TABULATE 4 "TEMP1"  
    TABULATE 5 "TEMP2"  
    TABULATE 6 "TEMP3"  
    VARY BLOCK-VAR BLOCK=F-501 VARIABLE=DUTY SENTENCE=PARAM UOM= & 
        "cal/sec"  
    RANGE OPT-LIST=RANGE LOWER="1e6" UPPER="8e6" NPOINT="101"  
 
SENSITIVITY MEE-DIST  
    DEFINE W2FRAC MASS-FRAC STREAM=84 SUBSTREAM=MIXED  & 
        COMPONENT=WATER  
    DEFINE EGSTOP MASS-FLOW STREAM=76 SUBSTREAM=MIXED  & 
        COMPONENT=ETHYL-02 UOM="kg/hr"  
    DEFINE DEGFRAC MASS-FRAC STREAM=85 SUBSTREAM=MIXED  & 
        COMPONENT=DIETH-01  
    DEFINE W2RECOV MASS-FLOW STREAM=84 SUBSTREAM=MIXED  & 
        COMPONENT=WATER UOM="kg/hr"  
    TABULATE 1 "W2FRAC"  
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    TABULATE 2 "EGSTOP"  
    TABULATE 3 "DEGFRAC"  
    TABULATE 4 "W2RECOV"  
    VARY BLOCK-VAR BLOCK=D-512 VARIABLE=MASS-D  & 
        SENTENCE=COL-SPECS UOM="kg/hr"  
    RANGE OPT-LIST=RANGE LOWER="44000" UPPER="45000"  & 
        NPOINT="101"  
 
STREAM-REPOR MOLEFLOW  
 
DISABLE  
    SENSITIVITY ABSORBER AZEOTRPE DRYETH EGSD1 EO MEE MEE-DIST  
; 
; 
; 
; 
; 
 
Section 22.5.3.2: Without CO2 Diluent – Full Aspen Simulation – Block Report 
 
 BLOCK:  A-205    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - 15       STAGE   1 
               12       STAGE   9 
    OUTLETS  - 17       STAGE   1 
               16       STAGE   9 
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            8878.40         8878.40         0.00000     
       MASS(KG/HR   )            186600.         186600.         0.00000     
       ENTHALPY(CAL/SEC )      -0.152708E+09   -0.152708E+09   -0.335526E-07 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             1624.49      KG/HR            
    PRODUCT STREAMS CO2E          1624.49      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                         9 
    ALGORITHM OPTION                                      NONIDEAL     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
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    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            1.00000     
    CONDENSER DUTY (W/O SUBCOOL)   CAL/SEC                   0.0         
    REBOILER DUTY                  CAL/SEC                   0.0         
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, BAR                     1.01325     
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  17           16       
    COMPONENT: 
    ETHAN-01    0.0000       1.0000     
    OXYGE-01    .99961       .39268E-03 
    CARBO-01    .98867       .11327E-01 
    WATER       .53864E-03   .99946     
    ETHYL-01    .81482E-02   .99185     
    ACETA-01    .51693E-05   .99999     
    METHA-01    0.0000       1.0000     
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          C                         5.79137     
    BOTTOM STAGE TEMPERATURE       C                        23.8872      
    TOP STAGE LIQUID FLOW          KMOL/HR               7,007.98        
    BOTTOM STAGE LIQUID FLOW       KMOL/HR               8,422.82        
    TOP STAGE VAPOR FLOW           KMOL/HR                 455.581       
    BOILUP VAPOR FLOW              KMOL/HR                 858.535       
    CONDENSER DUTY (W/O SUBCOOL)   CAL/SEC                   0.0         
    REBOILER DUTY                  CAL/SEC                   0.0         
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.24461E-03  STAGE=  4 
    BUBBLE POINT                    0.25192E-03  STAGE=  4 
    COMPONENT MASS BALANCE          0.32097E-04  STAGE=  3 COMP=OXYGE-01 
    ENERGY BALANCE                  0.90368E-05  STAGE=  4 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             CAL/MOL            HEAT DUTY 
       C             BAR            LIQUID       VAPOR        CAL/SEC  
 
   1   5.7914        1.0132       -68513.      -8322.4                 
   2   7.6374        1.0512       -68264.      -8597.4                 
   8   26.191        1.2792       -65672.      -11186.                 
551
   9   23.887        1.3172       -64819.      -11275.                 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KMOL/HR                    KMOL/HR                  KMOL/HR  
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  7008.      455.6      6994.0628                                 455.5800 
   2  7040.      469.5                                                         
   8  7397.      834.9                                                         
   9  8423.      858.5      1040.9340  843.4050            8422.8219           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KG/HR                      KG/HR                    KG/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.1266E+06 0.1502E+05  .12600+06                                .15016+05 
   2 0.1280E+06 0.1561E+05                                                     
   8 0.1434E+06 0.3128E+05                                                     
   9 0.1716E+06 0.3241E+05  .28613+05 .31987+05            .17158+06           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.75880E-16   0.30656E-04   0.92999E-04   0.99809       0.17889E-02 
      2    0.11326E-13   0.29794E-04   0.90453E-04   0.99372       0.61592E-02 
      8    0.36488E-03   0.15497E-04   0.39625E-04   0.94739       0.51649E-01 
      9    0.18260E-01   0.19131E-04   0.49640E-04   0.91052       0.68822E-01 
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     ACETA-01      METHA-01 
      1    0.79565E-07   0.12354E-17 
      2    0.69382E-06   0.19850E-15 
      8    0.53095E-03   0.15302E-04 
      9    0.14608E-02   0.87065E-03 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.70241E-17   0.90037       0.80104E-01   0.90723E-02   0.10453E-01 
      2    0.11395E-14   0.87415       0.79118E-01   0.98884E-02   0.36846E-01 
      8    0.87523E-04   0.49145       0.44071E-01   0.25340E-01   0.43669     
      9    0.31438E-02   0.47791       0.42848E-01   0.20845E-01   0.45054     
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     ACETA-01      METHA-01 
      1    0.13961E-06   0.10761E-18 
      2    0.13231E-05   0.18544E-16 
      8    0.23540E-02   0.30971E-05 
      9    0.45746E-02   0.13184E-03 
 
                         ****   K-VALUES           **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.92564E-01    29372.        861.38       0.90893E-02    5.8431     
      2    0.10059        29343.        874.75       0.99498E-02    5.9824     
      8    0.23987        31714.        1112.2       0.26747E-01    8.4550     
      9    0.17217        24981.        863.17       0.22894E-01    6.5465     
 
                         ****   K-VALUES           **** 
   STAGE     ACETA-01      METHA-01 
      1     1.7546       0.87103E-01 
      2     1.9067       0.93410E-01 
      8     4.4336       0.20240     
      9     3.1316       0.15143     
 
                         ****   MASS-X-PROFILE     **** 
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   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.19351E-15   0.54301E-04   0.22657E-03   0.99536       0.43626E-02 
      2    0.28702E-13   0.52446E-04   0.21898E-03   0.98480       0.14926E-01 
      8    0.86712E-03   0.25579E-04   0.89958E-04   0.88042       0.11737     
      9    0.41294E-01   0.30051E-04   0.10724E-03   0.80521       0.14883     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     ACETA-01      METHA-01 
      1    0.19403E-06   0.21912E-17 
      2    0.16814E-05   0.34989E-15 
      8    0.12066E-02   0.25292E-04 
      9    0.31590E-02   0.13694E-02 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.98177E-17   0.87411       0.10696       0.49587E-02   0.13971E-01 
      2    0.15785E-14   0.84113       0.10471       0.53569E-02   0.48810E-01 
      8    0.10762E-03   0.41972       0.51767E-01   0.12184E-01   0.51345     
      9    0.38363E-02   0.40508       0.49950E-01   0.99473E-02   0.52574     
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     ACETA-01      METHA-01 
      1    0.18660E-06   0.10461E-18 
      2    0.17527E-05   0.17868E-16 
      8    0.27677E-02   0.26486E-05 
      9    0.53381E-02   0.11190E-03 
 
 
 
 
                    ******************************** 
                    ***** HYDRAULIC PARAMETERS ***** 
                    ******************************** 
 
 
       *** DEFINITIONS *** 
 
        MARANGONI INDEX = SIGMA - SIGMATO 
        FLOW PARAM = (ML/MV)*SQRT(RHOV/RHOL) 
        QR = QV*SQRT(RHOV/(RHOL-RHOV)) 
        F FACTOR = QV*SQRT(RHOV) 
          WHERE: 
          SIGMA IS THE SURFACE TENSION OF LIQUID FROM THE STAGE 
          SIGMATO IS THE SURFACE TENSION OF LIQUID TO THE STAGE 
          ML IS THE MASS FLOW OF LIQUID FROM THE STAGE 
          MV IS THE MASS FLOW OF VAPOR TO THE STAGE 
          RHOL IS THE MASS DENSITY OF LIQUID FROM THE STAGE 
          RHOV IS THE MASS DENSITY OF VAPOR TO THE STAGE 
          QV IS THE VOLUMETRIC FLOW RATE OF VAPOR TO THE STAGE 
 
 
                     TEMPERATURE 
                         C    
 STAGE       LIQUID FROM       VAPOR TO 
    1         5.7914            7.6374     
    2         7.6374            11.238     
    8         26.191            23.887     
    9         23.887            15.000     
 
 
             MASS FLOW                VOLUME FLOW         MOLECULAR WEIGHT 
              KG/HR                    L/MIN    
 STAGE LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO 
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    1  0.12660E+06  15613.      2084.7     0.17377E+06  18.065      33.255     
    2  0.12798E+06  16996.      2112.3     0.18152E+06  18.178      33.875     
    8  0.14340E+06  32412.      2427.9     0.26828E+06  19.386      37.752     
    9  0.17158E+06  31987.      2936.0     0.25566E+06  20.371      37.926     
 
 
               DENSITY                  VISCOSITY         SURFACE TENSION 
               GM/CC                     CP                  DYNE/CM  
 STAGE LIQUID FROM  VAPOR TO     LIQUID FROM  VAPOR TO      LIQUID FROM 
    1   1.0121      0.14975E-02   1.4480      0.18558E-01    76.388     
    2   1.0098      0.15605E-02   1.3701      0.18010E-01    75.800     
    8  0.98436      0.20136E-02  0.83207      0.14404E-01    69.855     
    9  0.97404      0.20852E-02  0.85550      0.14075E-01    68.456     
 
 
       MARANGONI INDEX   FLOW PARAM          QR          REDUCED F-FACTOR 
 STAGE    DYNE/CM                          L/MIN         (GM-L)**.5/MIN   
    1                    0.31189           6689.0          0.21265E+06 
    2   -.58820          0.29601           7141.4          0.22676E+06 
    8   -.36526          0.20010           12146.          0.38069E+06 
    9   0.24741          0.24819           11842.          0.36919E+06 
 
 
 
 
                 ************************************  
                 ***** TRAY SIZING CALCULATIONS *****  
                 ************************************  
 
 
    ******************* 
    *** SECTION   1 *** 
    ******************* 
 
    STARTING STAGE NUMBER                                         2 
    ENDING STAGE NUMBER                                           8 
    FLOODING CALCULATION METHOD                               GLITSCH6 
 
    DESIGN PARAMETERS              
    -----------------              
    PEAK CAPACITY FACTOR                                      1.00000     
    SYSTEM FOAMING FACTOR                                     1.00000     
    FLOODING FACTOR                                           0.80000     
    MINIMUM COLUMN DIAMETER         METER                     0.30480     
    MINIMUM DC AREA/COLUMN AREA                               0.100000    
    HOLE AREA/ACTIVE AREA                                     0.100000    
 
    TRAY SPECIFICATIONS         
    -------------------         
    TRAY TYPE                                                 SIEVE        
    NUMBER OF PASSES                                              4 
    TRAY SPACING                    METER                     0.60960     
 
 
            ***** SIZING RESULTS @ STAGE WITH MAXIMUM DIAMETER ***** 
 
    STAGE WITH MAXIMUM DIAMETER                                   8 
    COLUMN DIAMETER                 METER                     1.81206     
    DC AREA/COLUMN AREA                                       0.10831     
    SIDE DOWNCOMER VELOCITY         M/SEC                     0.14487     
    FLOW PATH LENGTH                METER                     0.32549     
    SIDE DOWNCOMER WIDTH            METER                     0.12152     
    SIDE WEIR LENGTH                METER                     0.90650     
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    CENTER DOWNCOMER WIDTH          METER                     0.082236    
    CENTER WEIR LENGTH              METER                     1.81019     
    OFF-CENTER DOWNCOMER WIDTH      METER                     0.092415    
    OFF-CENTER SHORT WEIR LENGTH    METER                     1.56229     
    OFF-CENTER LONG WEIR LENGTH     METER                     1.65710     
    TRAY CENTER TO OCDC CENTER      METER                     0.41281     
 
 
                          **** SIZING PROFILES **** 
 
       STAGE    DIAMETER      TOTAL AREA   ACTIVE AREA   SIDE DC AREA 
                                            PER PANEL      PER PANEL 
                  METER         SQM          SQM            SQM      
          2       1.8121        2.5789      0.49576       0.69828E-01 
          3       1.8121        2.5789      0.49576       0.69828E-01 
          4       1.8121        2.5789      0.49576       0.69828E-01 
          5       1.8121        2.5789      0.49576       0.69828E-01 
          6       1.8121        2.5789      0.49576       0.69828E-01 
          7       1.8121        2.5789      0.49576       0.69828E-01 
          8       1.8121        2.5789      0.49576       0.69828E-01 
 
 
               **** ADDITIONAL SIZING PROFILES **** 
 
       FLOODING                            DC BACKUP/ 
 STAGE FACTOR      PRES. DROP  DC BACKUP   (TSPC+WHT) 
                    BAR         METER    
   2     49.92      0.7302E-02  0.1775       26.87     
   3     55.77      0.8015E-02  0.1861       28.18     
   4     64.09      0.9276E-02  0.2035       30.82     
   5     71.57      0.1065E-01  0.2243       33.96     
   6     76.44      0.1161E-01  0.2394       36.26     
   7     78.89      0.1211E-01  0.2477       37.51     
   8     80.00      0.1234E-01  0.2516       38.10     
 
       HEIGHT      DC REL      TR LIQ REL  FRA APPR TO 
 STAGE OVER WEIR   FROTH DENS  FROTH DENS  SYS LIMIT 
        METER    
   2    0.6085E-01  0.6083      0.2175       23.24     
   3    0.6541E-01  0.6083      0.2006       26.57     
   4    0.7095E-01  0.6083      0.1843       31.32     
   5    0.7516E-01  0.6083      0.1749       35.63     
   6    0.7753E-01  0.6083      0.1707       38.32     
   7    0.7874E-01  0.6083      0.1690       39.68     
   8    0.7947E-01  0.6083      0.1684       40.32     
 
 BLOCK:  C-103    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          4        
   OUTLET STREAM:         5        
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            764.091         764.091         0.00000     
       MASS(KG/HR   )            24450.0         24450.0         0.00000     
       ENTHALPY(CAL/SEC )      -0.188852E-09     43185.7        -1.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
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    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                           ***  INPUT DATA  *** 
 
   POLYTROPIC COMPRESSOR USING ASME METHOD 
    OUTLET PRESSURE  BAR                                     1.31723     
    POLYTROPIC EFFICIENCY                                    0.80000     
    MECHANICAL EFFICIENCY                                    0.95000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  KW                  180.810       
    BRAKE      HORSEPOWER REQUIREMENT  KW                  190.326       
    NET WORK REQUIRED                  KW                  190.326       
    POWER LOSSES                       KW                    9.51632     
    ISENTROPIC HORSEPOWER REQUIREMENT  KW                  143.294       
    CALCULATED OUTLET TEMP  C                               53.9538      
    EFFICIENCY (POLYTR/ISENTR) USED                          0.80000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       M-KGF/KG                       2,171.78        
    MECHANICAL EFFICIENCY USED                               0.95000     
    INLET HEAT CAPACITY RATIO                                1.39586     
    INLET VOLUMETRIC FLOW RATE , L/MIN                 311,558.          
    OUTLET VOLUMETRIC FLOW RATE, L/MIN                 262,934.          
    INLET  COMPRESSIBILITY FACTOR                            1.00000     
    OUTLET COMPRESSIBILITY FACTOR                            1.00000     
    AV. ISENT. VOL. EXPONENT                                 1.39423     
    AV. ISENT. TEMP EXPONENT                                 1.39423     
    AV. ACTUAL VOL. EXPONENT                                 1.54620     
    AV. ACTUAL TEMP EXPONENT                                 1.54620     
 
 BLOCK:  C-201    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          9        
   OUTLET STREAM:         10       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            1884.34         1884.34         0.00000     
       MASS(KG/HR   )            60600.0         60600.0         0.00000     
       ENTHALPY(CAL/SEC )      -0.155411E+08   -0.152381E+08   -0.194969E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             1624.49      KG/HR            
    PRODUCT STREAMS CO2E          1624.49      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                           ***  INPUT DATA  *** 
 
   POLYTROPIC COMPRESSOR USING ASME METHOD 
    OUTLET PRESSURE  BAR                                     1.62120     
    POLYTROPIC EFFICIENCY                                    0.80000     
    MECHANICAL EFFICIENCY                                    0.95000     
 
                           ***  RESULTS  *** 
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    INDICATED  HORSEPOWER REQUIREMENT  KW                1,268.61        
    BRAKE      HORSEPOWER REQUIREMENT  KW                1,335.38        
    NET WORK REQUIRED                  KW                1,335.38        
    POWER LOSSES                       KW                   66.7691      
    ISENTROPIC HORSEPOWER REQUIREMENT  KW                1,005.46        
    CALCULATED OUTLET TEMP  C                              246.520       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.80000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       M-KGF/KG                       6,147.92        
    MECHANICAL EFFICIENCY USED                               0.95000     
    INLET HEAT CAPACITY RATIO                                1.19588     
    INLET VOLUMETRIC FLOW RATE , L/MIN               1,219,320.          
    OUTLET VOLUMETRIC FLOW RATE, L/MIN                 837,001.          
    INLET  COMPRESSIBILITY FACTOR                            1.00000     
    OUTLET COMPRESSIBILITY FACTOR                            1.00000     
    AV. ISENT. VOL. EXPONENT                                 1.19107     
    AV. ISENT. TEMP EXPONENT                                 1.19107     
    AV. ACTUAL VOL. EXPONENT                                 1.24927     
    AV. ACTUAL TEMP EXPONENT                                 1.24927     
 
 BLOCK:  C-206    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          17       
   OUTLET STREAM:         18       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            455.580         455.580         0.00000     
       MASS(KG/HR   )            15016.0         15016.0        0.242274E-15 
       ENTHALPY(CAL/SEC )      -0.105320E+07    -990283.       -0.597395E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             1606.08      KG/HR            
    PRODUCT STREAMS CO2E          1606.08      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                           ***  INPUT DATA  *** 
 
   POLYTROPIC COMPRESSOR USING ASME METHOD 
    OUTLET PRESSURE  BAR                                     1.92518     
    POLYTROPIC EFFICIENCY                                    0.80000     
    MECHANICAL EFFICIENCY                                    0.95000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  KW                  263.424       
    BRAKE      HORSEPOWER REQUIREMENT  KW                  277.288       
    NET WORK REQUIRED                  KW                  277.288       
    POWER LOSSES                       KW                   13.8644      
    ISENTROPIC HORSEPOWER REQUIREMENT  KW                  206.053       
    CALCULATED OUTLET TEMP  C                               74.3275      
    EFFICIENCY (POLYTR/ISENTR) USED                          0.80000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       M-KGF/KG                       5,151.98        
    MECHANICAL EFFICIENCY USED                               0.95000     
    INLET HEAT CAPACITY RATIO                                1.38343     
    INLET VOLUMETRIC FLOW RATE , L/MIN                 173,795.          
    OUTLET VOLUMETRIC FLOW RATE, L/MIN                 113,946.          
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    INLET  COMPRESSIBILITY FACTOR                            1.00000     
    OUTLET COMPRESSIBILITY FACTOR                            1.00000     
    AV. ISENT. VOL. EXPONENT                                 1.37843     
    AV. ISENT. TEMP EXPONENT                                 1.37843     
    AV. ACTUAL VOL. EXPONENT                                 1.52042     
    AV. ACTUAL TEMP EXPONENT                                 1.52042     
 
 BLOCK:  D-211    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - 26       STAGE   8 
    OUTLETS  - 28       STAGE   1 
               27       STAGE  15 
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            8422.82         8422.82         0.00000     
       MASS(KG/HR   )            171584.         171584.        0.211999E-07 
       ENTHALPY(CAL/SEC )      -0.147729E+09   -0.146273E+09   -0.985582E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             18.4011      KG/HR            
    PRODUCT STREAMS CO2E          18.4011      KG/HR            
    NET STREAMS CO2E PRODUCTION -0.440883E-05  KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION       -0.440883E-05  KG/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        15 
    ALGORITHM OPTION                                      STANDARD     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    MASS REFLUX RATIO                                        0.60000     
    MASS DISTILLATE RATE           KG/HR                26,500.0         
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, BAR                     4.05300     
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
558
  
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  28           27       
    COMPONENT: 
    ETHAN-01    .78970E-01   .92103     
    OXYGE-01    1.0000       0.0000     
    CARBO-01    1.0000       0.0000     
    WATER       .18346E-02   .99817     
    ETHYL-01    .99996       .37753E-04 
    ACETA-01    .20018       .79982     
    METHA-01    .82306E-01   .91769     
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          C                        36.4118      
    BOTTOM STAGE TEMPERATURE       C                       141.248       
    TOP STAGE LIQUID FLOW          KMOL/HR                 365.709       
    BOTTOM STAGE LIQUID FLOW       KMOL/HR               7,813.31        
    TOP STAGE VAPOR FLOW           KMOL/HR                   0.0         
    BOILUP VAPOR FLOW              KMOL/HR               1,172.33        
    MOLAR REFLUX RATIO                                       0.60000     
    MOLAR BOILUP RATIO                                       0.15004     
    CONDENSER DUTY (W/O SUBCOOL)   CAL/SEC          -1,689,590.          
    REBOILER DUTY                  CAL/SEC           3,145,620.          
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.27303E-04  STAGE=  6 
    BUBBLE POINT                    0.26110E-03  STAGE=  7 
    COMPONENT MASS BALANCE          0.14713E-05  STAGE= 13 COMP=ETHYL-01 
    ENERGY BALANCE                  0.51067E-04  STAGE=  2 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             CAL/MOL            HEAT DUTY 
       C             BAR            LIQUID       VAPOR        CAL/SEC  
 
   1   36.412        4.0530       -20500.      -12882.      -.16896+07 
   2   59.897        4.0747       -33095.      -14263.                 
   6   88.173        4.1616       -57338.      -23184.                 
   7   91.596        4.1833       -62574.      -23464.                 
   8   100.85        4.2050       -64861.      -24691.                 
   9   112.34        4.2267       -65299.      -32143.                 
  13   135.28        4.3136       -65815.      -55823.                 
  14   137.37        4.3353       -65822.      -56069.                 
  15   141.25        4.3570       -65797.      -56334.       .31456+07 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KMOL/HR                    KMOL/HR                  KMOL/HR  
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  975.2      0.000                                      609.5150           
   2  309.1      975.2                                                         
   6  232.9      854.0                                                         
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   7  209.7      842.4                 301.7173                                
   8  8383.      517.5      8121.1046                                          
   9  8547.      569.4                                                         
  13  8960.      1128.                                                         
  14  8986.      1147.                                                         
  15  7813.      1172.                                     7813.3068           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KG/HR                      KG/HR                    KG/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.4240E+05  0.000                                     .26500+05           
   2 0.1287E+05 0.4240E+05                                                     
   6  7338.     0.3514E+05                                                     
   7  4919.     0.3384E+05            .11742+05                                
   8 0.1651E+06 0.1968E+05  .15984+06                                          
   9 0.1677E+06 0.2004E+05                                                     
  13 0.1738E+06 0.2973E+05                                                     
  14 0.1714E+06 0.2874E+05                                                     
  15 0.1451E+06 0.2627E+05                                 .14508+06           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.19926E-01   0.26437E-03   0.68598E-03   0.23083E-01   0.95101     
      2    0.20705       0.32489E-06   0.86003E-05   0.10595       0.67518     
      6    0.31737       0.11099E-06   0.25902E-05   0.50423       0.17107     
      7    0.11738       0.33279E-07   0.10323E-05   0.79897       0.79440E-01 
      8    0.24322E-01   0.52127E-10   0.22469E-07   0.93681       0.36630E-01 
      9    0.34989E-01   0.63885E-13   0.32002E-09   0.94054       0.22109E-01 
     13    0.47424E-01   0.27630E-25   0.16128E-17   0.94978       0.10956E-03 
     14    0.35850E-01   0.17044E-28   0.10490E-19   0.96166       0.20306E-04 
     15    0.18130E-01   0.88170E-32   0.59035E-22   0.97975       0.28009E-05 
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     ACETA-01      METHA-01 
      1    0.40409E-02   0.99025E-03 
      2    0.56580E-02   0.61437E-02 
      6    0.27847E-02   0.45443E-02 
      7    0.17458E-02   0.24585E-02 
      8    0.12527E-02   0.98296E-03 
      9    0.11733E-02   0.11915E-02 
     13    0.11024E-02   0.15875E-02 
     14    0.10972E-02   0.13742E-02 
     15    0.12595E-02   0.86132E-03 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.57105E-03   0.32676       0.50524E-01   0.77036E-02   0.61282     
      2    0.19926E-01   0.26437E-03   0.68598E-03   0.23083E-01   0.95101     
      6    0.13151       0.18873E-03   0.49058E-03   0.12067       0.74101     
      7    0.10216       0.19131E-03   0.49705E-03   0.15610       0.73539     
      8    0.52061E-01   0.65559E-06   0.22149E-04   0.23491       0.70850     
      9    0.10929       0.76738E-09   0.33077E-06   0.34769       0.53921     
     13    0.28999       0.31836E-21   0.18000E-14   0.69895       0.40897E-02 
     14    0.24697       0.21584E-24   0.12598E-16   0.74563       0.83679E-03 
     15    0.15395       0.13058E-27   0.80007E-19   0.84110       0.13697E-03 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     ACETA-01      METHA-01 
      1    0.15713E-02   0.53183E-04 
      2    0.40409E-02   0.99025E-03 
      6    0.37346E-02   0.23920E-02 
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      7    0.36936E-02   0.19728E-02 
      8    0.29979E-02   0.15043E-02 
      9    0.11588E-02   0.26521E-02 
     13    0.50488E-04   0.69161E-02 
     14    0.32163E-04   0.65343E-02 
     15    0.15056E-04   0.47923E-02 
 
                         ****   K-VALUES           **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.28648E-01    1236.3        73.662       0.33366       0.64441     
      2    0.96256E-01    813.17        79.736       0.21800        1.4083     
      6    0.41447        1700.5        189.40       0.23927        4.3319     
      7    0.87007        5745.5        481.28       0.19539        9.2541     
      8     2.1405        12571.        985.42       0.25076        19.339     
      9     3.1235        12002.        1032.9       0.36969        24.381     
     13     6.1148        11522.        1116.1       0.73591        37.327     
     14     6.8889        12664.        1201.0       0.77536        41.209     
     15     8.4917        14810.        1355.2       0.85849        48.903     
 
                         ****   K-VALUES           **** 
   STAGE     ACETA-01      METHA-01 
      1    0.38884       0.53690E-01 
      2    0.71417       0.16123     
      6     1.3406       0.52641     
      7     2.1141       0.80233     
      8     2.3906        1.5304     
      9    0.98448        2.2258     
     13    0.45793E-01    4.3565     
     14    0.29314E-01    4.7550     
     15    0.11954E-01    5.5640     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.21114E-01   0.19457E-03   0.69438E-03   0.95647E-02   0.96361     
      2    0.22909       0.24968E-06   0.90902E-05   0.45842E-01   0.71435     
      6    0.46402       0.11272E-06   0.36178E-05   0.28829       0.23918     
      7    0.23054       0.45398E-07   0.19368E-05   0.61363       0.14919     
      8    0.56884E-01   0.84680E-10   0.50201E-07   0.85679       0.81922E-01 
      9    0.82157E-01   0.10419E-12   0.71784E-09   0.86362       0.49643E-01 
     13    0.11262       0.45575E-25   0.36587E-17   0.88201       0.24879E-03 
     14    0.86609E-01   0.28601E-28   0.24209E-19   0.90850       0.46909E-04 
     15    0.44980E-01   0.15194E-31   0.13992E-21   0.95054       0.66449E-05 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     ACETA-01      METHA-01 
      1    0.40944E-02   0.72980E-03 
      2    0.59861E-02   0.47279E-02 
      6    0.38933E-02   0.46211E-02 
      7    0.32787E-02   0.33583E-02 
      8    0.28015E-02   0.15990E-02 
      9    0.26345E-02   0.19459E-02 
     13    0.25034E-02   0.26221E-02 
     14    0.25346E-02   0.23090E-02 
     15    0.29881E-02   0.14863E-02 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     ETHAN-01      OXYGE-01      CARBO-01      WATER         ETHYL-01 
      1    0.65914E-03   0.26197       0.55711E-01   0.34772E-02   0.67640     
      2    0.21114E-01   0.19457E-03   0.69438E-03   0.95647E-02   0.96361     
      6    0.14725       0.14678E-03   0.52474E-03   0.52835E-01   0.79338     
      7    0.11716       0.15240E-03   0.54458E-03   0.70009E-01   0.80651     
      8    0.63077E-01   0.55171E-06   0.25636E-04   0.11130       0.82086     
      9    0.14308       0.69782E-09   0.41369E-06   0.17801       0.67504     
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     13    0.50690       0.38652E-21   0.30058E-14   0.47777       0.68359E-02 
     14    0.45405       0.27563E-24   0.22127E-16   0.53607       0.14711E-02 
     15    0.31655       0.18649E-27   0.15715E-18   0.67630       0.26931E-03 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     ACETA-01      METHA-01 
      1    0.17343E-02   0.42696E-04 
      2    0.40944E-02   0.72980E-03 
      6    0.39985E-02   0.18628E-02 
      7    0.40508E-02   0.15737E-02 
      8    0.34733E-02   0.12677E-02 
      9    0.14507E-02   0.24150E-02 
     13    0.84391E-04   0.84084E-02 
     14    0.56543E-04   0.83555E-02 
     15    0.29604E-04   0.68535E-02 
 
 
 
 
                    ******************************** 
                    ***** HYDRAULIC PARAMETERS ***** 
                    ******************************** 
 
 
       *** DEFINITIONS *** 
 
        MARANGONI INDEX = SIGMA - SIGMATO 
        FLOW PARAM = (ML/MV)*SQRT(RHOV/RHOL) 
        QR = QV*SQRT(RHOV/(RHOL-RHOV)) 
        F FACTOR = QV*SQRT(RHOV) 
          WHERE: 
          SIGMA IS THE SURFACE TENSION OF LIQUID FROM THE STAGE 
          SIGMATO IS THE SURFACE TENSION OF LIQUID TO THE STAGE 
          ML IS THE MASS FLOW OF LIQUID FROM THE STAGE 
          MV IS THE MASS FLOW OF VAPOR TO THE STAGE 
          RHOL IS THE MASS DENSITY OF LIQUID FROM THE STAGE 
          RHOV IS THE MASS DENSITY OF VAPOR TO THE STAGE 
          QV IS THE VOLUMETRIC FLOW RATE OF VAPOR TO THE STAGE 
 
 
                     TEMPERATURE 
                         C    
 STAGE       LIQUID FROM       VAPOR TO 
    1         36.412            59.897     
    2         59.897            75.369     
    6         88.173            91.596     
    7         91.596            99.149     
    8         100.85            112.34     
    9         112.34            125.25     
   13         135.28            137.37     
   14         137.37            141.25     
   15         141.25            141.25     
 
 
             MASS FLOW                VOLUME FLOW         MOLECULAR WEIGHT 
              KG/HR                    L/MIN    
 STAGE LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO 
    1   42400.      42400.      831.28     0.11046E+06  43.477      43.477     
    2   12871.      39371.      265.86     0.10830E+06  41.638      42.858     
    6   7338.1      33838.      154.73     0.10178E+06  31.509      40.169     
    7   4918.5      31419.      96.251     0.10103E+06  23.457      38.353     
    8  0.16512E+06  20037.      3083.8      71965.      19.698      35.188     
    9  0.16769E+06  22605.      3188.7      95333.      19.620      30.813     
562
   13  0.17383E+06  28742.      3417.2     0.15051E+06  19.400      25.058     
   14  0.17135E+06  26266.      3350.4     0.15451E+06  19.069      22.405     
   15  0.14508E+06  0.0000      2814.1      0.0000      18.569     
 
 
               DENSITY                  VISCOSITY         SURFACE TENSION 
               GM/CC                     CP                  DYNE/CM  
 STAGE LIQUID FROM  VAPOR TO     LIQUID FROM  VAPOR TO      LIQUID FROM 
    1  0.85009      0.63977E-02  0.24343      0.10707E-01    22.774     
    2  0.80689      0.60588E-02  0.27063      0.11166E-01    23.325     
    6  0.79042      0.55410E-02  0.30102      0.11794E-01    38.210     
    7  0.85168      0.51831E-02  0.29738      0.12168E-01    50.842     
    8  0.89242      0.46405E-02  0.27167      0.12706E-01    55.249     
    9  0.87648      0.39519E-02  0.24372      0.13265E-01    53.277     
   13  0.84780      0.31827E-02  0.20055      0.13858E-01    49.320     
   14  0.85239      0.28333E-02  0.19716      0.14108E-01    49.378     
   15  0.85928                   0.19123                     49.316     
 
 
       MARANGONI INDEX   FLOW PARAM          QR          REDUCED F-FACTOR 
 STAGE    DYNE/CM                          L/MIN         (GM-L)**.5/MIN   
    1                    0.86752E-01       9618.6          0.27938E+06 
    2   0.55125          0.28329E-01       9420.3          0.26658E+06 
    6    6.0922          0.18157E-01       8551.9          0.23959E+06 
    7    12.632          0.12213E-01       7905.4          0.23001E+06 
    8   -.72366          0.59424           5203.0          0.15503E+06 
    9   -1.9716          0.49812           6415.9          0.18952E+06 
   13   -.41528E-01      0.37055           9239.2          0.26851E+06 
   14   0.58789E-01      0.37611           8922.9          0.26008E+06 
   15   -.62296E-01                        0.0000           0.0000     
 
 
 
 
                 ************************************  
                 ***** TRAY SIZING CALCULATIONS *****  
                 ************************************  
 
 
    ******************* 
    *** SECTION   1 *** 
    ******************* 
 
    STARTING STAGE NUMBER                                         2 
    ENDING STAGE NUMBER                                          14 
    FLOODING CALCULATION METHOD                               GLITSCH6 
 
    DESIGN PARAMETERS              
    -----------------              
    PEAK CAPACITY FACTOR                                      1.00000     
    SYSTEM FOAMING FACTOR                                     1.00000     
    FLOODING FACTOR                                           0.80000     
    MINIMUM COLUMN DIAMETER         METER                     0.30480     
    MINIMUM DC AREA/COLUMN AREA                               0.100000    
    HOLE AREA/ACTIVE AREA                                     0.100000    
 
    TRAY SPECIFICATIONS         
    -------------------         
    TRAY TYPE                                                 SIEVE        
    NUMBER OF PASSES                                              4 
    TRAY SPACING                    METER                     0.60960     
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            ***** SIZING RESULTS @ STAGE WITH MAXIMUM DIAMETER ***** 
 
    STAGE WITH MAXIMUM DIAMETER                                  12 
    COLUMN DIAMETER                 METER                     1.76052     
    DC AREA/COLUMN AREA                                       0.16269     
    SIDE DOWNCOMER VELOCITY         M/SEC                     0.14487     
    FLOW PATH LENGTH                METER                     0.26523     
    SIDE DOWNCOMER WIDTH            METER                     0.15555     
    SIDE WEIR LENGTH                METER                     0.99930     
    CENTER DOWNCOMER WIDTH          METER                     0.12007     
    CENTER WEIR LENGTH              METER                     1.75642     
    OFF-CENTER DOWNCOMER WIDTH      METER                     0.13423     
    OFF-CENTER SHORT WEIR LENGTH    METER                     1.50164     
    OFF-CENTER LONG WEIR LENGTH     METER                     1.63593     
    TRAY CENTER TO OCDC CENTER      METER                     0.39237     
 
 
                          **** SIZING PROFILES **** 
 
       STAGE    DIAMETER      TOTAL AREA   ACTIVE AREA   SIDE DC AREA 
                                            PER PANEL      PER PANEL 
                  METER         SQM          SQM            SQM      
          2       1.7605        2.4343      0.39736       0.99008E-01 
          3       1.7605        2.4343      0.39736       0.99008E-01 
          4       1.7605        2.4343      0.39736       0.99008E-01 
          5       1.7605        2.4343      0.39736       0.99008E-01 
          6       1.7605        2.4343      0.39736       0.99008E-01 
          7       1.7605        2.4343      0.39736       0.99008E-01 
          8       1.7605        2.4343      0.39736       0.99008E-01 
          9       1.7605        2.4343      0.39736       0.99008E-01 
         10       1.7605        2.4343      0.39736       0.99008E-01 
         11       1.7605        2.4343      0.39736       0.99008E-01 
         12       1.7605        2.4343      0.39736       0.99008E-01 
         13       1.7605        2.4343      0.39736       0.99008E-01 
         14       1.7605        2.4343      0.39736       0.99008E-01 
 
 
               **** ADDITIONAL SIZING PROFILES **** 
 
       FLOODING                            DC BACKUP/ 
 STAGE FACTOR      PRES. DROP  DC BACKUP   (TSPC+WHT) 
                    BAR         METER    
   2     72.42      0.9427E-02  0.2205       33.39     
   3     69.99      0.8667E-02  0.2107       31.91     
   4     69.11      0.8412E-02  0.2074       31.40     
   5     67.88      0.8235E-02  0.2020       30.59     
   6     65.44      0.7959E-02  0.1908       28.90     
   7     60.32      0.7493E-02  0.1663       25.17     
   8     47.92      0.6526E-02  0.1919       29.07     
   9     57.34      0.7255E-02  0.2030       30.73     
  10     70.72      0.8836E-02  0.2310       34.97     
  11     78.16      0.9957E-02  0.2524       38.21     
  12     80.00      0.1026E-01  0.2582       39.11     
  13     79.24      0.1014E-01  0.2557       38.72     
  14     76.61      0.9728E-02  0.2472       37.43     
 
       HEIGHT      DC REL      TR LIQ REL  FRA APPR TO 
 STAGE OVER WEIR   FROTH DENS  FROTH DENS  SYS LIMIT 
        METER    
   2    0.1752E-01  0.6076      0.1764       45.17     
   3    0.1524E-01  0.6073      0.1802       41.93     
   4    0.1436E-01  0.6071      0.1817       40.41     
   5    0.1349E-01  0.6072      0.1830       38.74     
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   6    0.1182E-01  0.6074      0.1850       35.96     
   7    0.8492E-02  0.6079      0.1889       31.41     
   8    0.7320E-01  0.6081      0.2430       20.75     
   9    0.8220E-01  0.6081      0.2116       25.63     
  10    0.9268E-01  0.6080      0.1858       32.66     
  11    0.9737E-01  0.6079      0.1771       36.61     
  12    0.9833E-01  0.6079      0.1753       37.60     
  13    0.9762E-01  0.6079      0.1759       37.23     
  14    0.9547E-01  0.6080      0.1782       35.89     
 
 BLOCK:  D-302    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - 33       STAGE   8 
    OUTLETS  - 35       STAGE   1 
               34       STAGE  15 
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            7813.31         7813.31        0.116403E-14 
       MASS(KG/HR   )            145084.         145084.        0.112336E-13 
       ENTHALPY(CAL/SEC )      -0.144657E+09   -0.144673E+09    0.111016E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        15 
    ALGORITHM OPTION                                      NEWTON       
    INITIALIZATION OPTION                                 AZEOTROPIC   
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    DESIGN SPECIFICATION METHOD                           SIMULT   
    MAXIMUM NO. OF NEWTON ITERATIONS                        25 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    COLUMN EQUATIONS CONVERGENCE TOLERANCE                   0.100000-06 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    REBOILER DUTY                  CAL/SEC                   0.290000+08 
    MASS DISTILLATE RATE           KG/HR                 7,500.00        
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, BAR                     1.01325     
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
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   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  35           34       
    COMPONENT: 
    ETHAN-01    .97807       .21926E-01 
    WATER       .34028E-02   .99660     
    ETHYL-01    1.0000       .51137E-11 
    ACETA-01    .99999       .63442E-05 
    METHA-01    .98992       .10076E-01 
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          C                        72.2158      
    BOTTOM STAGE TEMPERATURE       C                       107.409       
    TOP STAGE LIQUID FLOW          KMOL/HR              10,850.0         
    BOTTOM STAGE LIQUID FLOW       KMOL/HR               7,632.19        
    TOP STAGE VAPOR FLOW           KMOL/HR                   0.0         
    BOILUP VAPOR FLOW              KMOL/HR              10,791.7         
    MOLAR REFLUX RATIO                                      59.9045      
    MOLAR BOILUP RATIO                                       1.41398     
    CONDENSER DUTY (W/O SUBCOOL)   CAL/SEC                  -0.290161+08 
    REBOILER DUTY                  CAL/SEC                   0.290000+08 
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.41749E-08  STAGE= 12 
    BUBBLE POINT                    0.41749E-08  STAGE= 12 
    COMPONENT MASS BALANCE          0.23541E-06  STAGE= 11 COMP=ACETA-01 
    ENERGY BALANCE                  0.98855E-09  STAGE= 13 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             CAL/MOL            HEAT DUTY 
       C             BAR            LIQUID       VAPOR        CAL/SEC  
 
   1   72.216        1.0132       -63906.      -51553.      -.29016+08 
   2   77.232        1.0350       -64632.      -54436.                 
   4   79.706        1.0784       -64946.      -55432.                 
   5   80.415        1.1001       -65047.      -55539.                 
   6   81.186        1.1218       -65188.      -55632.                 
   7   82.266        1.1435       -65449.      -55751.                 
   8   84.674        1.1652       -66103.      -55940.                 
   9   85.215        1.1869       -66103.      -55950.                 
  13   101.08        1.2738       -66781.      -56693.                 
  14   106.07        1.2955       -66741.      -57014.                 
  15   107.41        1.3172       -66724.      -57079.       .29000+08 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KMOL/HR                    KMOL/HR                  KMOL/HR  
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.1103E+05  0.000                                      181.1212           
   2 0.1092E+05 0.1103E+05                                                     
   4 0.1094E+05 0.1112E+05                                                     
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   5 0.1094E+05 0.1112E+05                                                     
   6 0.1091E+05 0.1112E+05                                                     
   7 0.1084E+05 0.1109E+05              96.6562                                
   8 0.1838E+05 0.1092E+05  7716.6506                                          
   9 0.1839E+05 0.1075E+05                                                     
  13 0.1828E+05 0.1045E+05                                                     
  14 0.1842E+05 0.1065E+05                                                     
  15  7632.     0.1079E+05                                 7632.1856           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KG/HR                      KG/HR                    KG/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.4568E+06  0.000                                     7500.0000           
   2 0.4477E+06 0.4568E+06                                                     
   4 0.4369E+06 0.4512E+06                                                     
   5 0.4262E+06 0.4444E+06                                                     
   6 0.4085E+06 0.4337E+06                                                     
   7 0.3745E+06 0.4160E+06            2198.6620                                
   8 0.5108E+06 0.3798E+06  .14289+06                                          
   9 0.5094E+06 0.3732E+06                                                     
  13 0.3402E+06 0.2440E+06                                                     
  14 0.3335E+06 0.2026E+06                                                     
  15 0.1376E+06 0.1959E+06                                 .13758+06           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     ETHAN-01      WATER         ETHYL-01      ACETA-01      METHA-01 
      1    0.76495       0.14382       0.12083E-03   0.54333E-01   0.36782E-01 
      2    0.79717       0.16761       0.13647E-04   0.10216E-01   0.24999E-01 
      4    0.77531       0.21370       0.38398E-06   0.50123E-03   0.10485E-01 
      5    0.74349       0.24933       0.24261E-06   0.25279E-03   0.69271E-02 
      6    0.68967       0.30542       0.21698E-06   0.21756E-03   0.46896E-02 
      7    0.58751       0.40904       0.19031E-06   0.22186E-03   0.32227E-02 
      8    0.34726       0.65061       0.66300E-07   0.17611E-03   0.19592E-02 
      9    0.34411       0.65411       0.63467E-08   0.53527E-04   0.17325E-02 
     13    0.21123E-01   0.97869       0.44354E-13   0.14596E-06   0.18141E-03 
     14    0.30803E-02   0.99688       0.82334E-15   0.34083E-07   0.42454E-04 
     15    0.40694E-03   0.99958       0.14663E-16   0.81802E-08   0.88849E-05 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     ETHAN-01      WATER         ETHYL-01      ACETA-01      METHA-01 
      1    0.61540       0.10225       0.93792E-03   0.23927       0.42144E-01 
      2    0.76495       0.14382       0.12083E-03   0.54333E-01   0.36782E-01 
      4    0.79304       0.18765       0.36117E-05   0.28047E-02   0.16500E-01 
      5    0.77514       0.21256       0.23450E-05   0.13777E-02   0.10913E-01 
      6    0.74384       0.24761       0.22072E-05   0.11339E-02   0.74135E-02 
      7    0.69090       0.30278       0.21861E-05   0.11011E-02   0.52136E-02 
      8    0.59429       0.40094       0.11830E-05   0.10038E-02   0.37642E-02 
      9    0.59352       0.40283       0.11337E-06   0.30115E-03   0.33440E-02 
     13    0.18931       0.80963       0.33655E-11   0.13787E-05   0.10558E-02 
     14    0.35976E-01   0.96372       0.76143E-13   0.24474E-06   0.30510E-03 
     15    0.49709E-02   0.99496       0.13952E-14   0.52402E-07   0.66195E-04 
 
                         ****   K-VALUES           **** 
   STAGE     ETHAN-01      WATER         ETHYL-01      ACETA-01      METHA-01 
      1    0.80450       0.71095        7.7625        4.4038        1.1458     
      2    0.95958       0.85807        8.8540        5.3183        1.4713     
      4     1.0229       0.87809        9.4060        5.5955        1.5737     
      5     1.0426       0.85253        9.6657        5.4500        1.5755     
      6     1.0785       0.81073        10.172        5.2118        1.5808     
      7     1.1760       0.74022        11.487        4.9629        1.6178     
      8     1.7114       0.61625        17.843        5.6997        1.9213     
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      9     1.7248       0.61585        17.864        5.6261        1.9302     
     13     8.9620       0.82726        75.877        9.4459        5.8201     
     14     11.680       0.96674        92.481        7.1807        7.1866     
     15     12.215       0.99538        95.155        6.4060        7.4503     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     ETHAN-01      WATER         ETHYL-01      ACETA-01      METHA-01 
      1    0.85104       0.62569E-01   0.12854E-03   0.57803E-01   0.28462E-01 
      2    0.89582       0.73653E-01   0.14664E-04   0.10978E-01   0.19539E-01 
      4    0.89461       0.96426E-01   0.42368E-06   0.55305E-03   0.84148E-02 
      5    0.87878       0.11524       0.27421E-06   0.28571E-03   0.56946E-02 
      6    0.84875       0.14698       0.25535E-06   0.25603E-03   0.40141E-02 
      7    0.78343       0.21330       0.24267E-06   0.28290E-03   0.29889E-02 
      8    0.57568       0.42178       0.10510E-06   0.27918E-03   0.22591E-02 
      9    0.57241       0.42550       0.10096E-07   0.85145E-04   0.20045E-02 
     13    0.52290E-01   0.94740       0.10499E-12   0.34551E-06   0.31234E-03 
     14    0.78391E-02   0.99209       0.20036E-14   0.82944E-07   0.75146E-04 
     15    0.10400E-02   0.99894       0.35832E-16   0.19991E-07   0.15793E-04 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     ETHAN-01      WATER         ETHYL-01      ACETA-01      METHA-01 
      1    0.67301       0.43727E-01   0.98084E-03   0.25022       0.32056E-01 
      2    0.85104       0.62569E-01   0.12854E-03   0.57803E-01   0.28462E-01 
      4    0.90059       0.83331E-01   0.39220E-05   0.30456E-02   0.13033E-01 
      5    0.89387       0.95854E-01   0.25858E-05   0.15192E-02   0.87531E-02 
      6    0.87830       0.11433       0.24922E-05   0.12803E-02   0.60883E-02 
      7    0.84879       0.14546       0.25682E-05   0.12935E-02   0.44548E-02 
      8    0.78750       0.20776       0.14990E-05   0.12719E-02   0.34693E-02 
      9    0.78752       0.20902       0.14385E-06   0.38209E-03   0.30860E-02 
     13    0.37365       0.62490       0.63519E-11   0.26022E-05   0.14494E-02 
     14    0.87099E-01   0.91239       0.17628E-12   0.56659E-06   0.51375E-03 
     15    0.12613E-01   0.98727       0.33854E-14   0.12715E-06   0.11682E-03 
 
 
 
 
                    ******************************** 
                    ***** HYDRAULIC PARAMETERS ***** 
                    ******************************** 
 
 
       *** DEFINITIONS *** 
 
        MARANGONI INDEX = SIGMA - SIGMATO 
        FLOW PARAM = (ML/MV)*SQRT(RHOV/RHOL) 
        QR = QV*SQRT(RHOV/(RHOL-RHOV)) 
        F FACTOR = QV*SQRT(RHOV) 
          WHERE: 
          SIGMA IS THE SURFACE TENSION OF LIQUID FROM THE STAGE 
          SIGMATO IS THE SURFACE TENSION OF LIQUID TO THE STAGE 
          ML IS THE MASS FLOW OF LIQUID FROM THE STAGE 
          MV IS THE MASS FLOW OF VAPOR TO THE STAGE 
          RHOL IS THE MASS DENSITY OF LIQUID FROM THE STAGE 
          RHOV IS THE MASS DENSITY OF VAPOR TO THE STAGE 
          QV IS THE VOLUMETRIC FLOW RATE OF VAPOR TO THE STAGE 
 
 
                     TEMPERATURE 
                         C    
 STAGE       LIQUID FROM       VAPOR TO 
    1         72.216            77.232     
    2         77.232            78.863     
    4         79.706            80.415     
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    5         80.415            81.186     
    6         81.186            82.266     
    7         82.266            84.764     
    8         84.674            85.215     
    9         85.215            85.864     
   13         101.08            106.07     
   14         106.07            107.41     
   15         107.41            107.41     
 
 
             MASS FLOW                VOLUME FLOW         MOLECULAR WEIGHT 
              KG/HR                    L/MIN    
 STAGE LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO 
    1  0.45678E+06 0.45678E+06  10146.     0.51750E+07  41.409      41.409     
    2  0.44767E+06 0.45517E+06  9981.9     0.51246E+07  40.996      41.003     
    4  0.43692E+06 0.44442E+06  9726.4     0.49543E+07  39.926      39.950     
    5  0.42624E+06 0.43374E+06  9457.9     0.48658E+07  38.977      39.016     
    6  0.40851E+06 0.41601E+06  9008.2     0.47780E+07  37.435      37.500     
    7  0.37448E+06 0.38198E+06  8143.1     0.47798E+07  34.548      34.661     
    8  0.51081E+06 0.37322E+06  10598.     0.44973E+07  27.789      34.721     
    9  0.50936E+06 0.37178E+06  10567.     0.44289E+07  27.695      34.552     
   13  0.34015E+06 0.20257E+06  6273.8     0.43180E+07  18.610      19.029     
   14  0.33352E+06 0.19593E+06  6109.9     0.43205E+07  18.102      18.156     
   15  0.13758E+06  0.0000      2519.5      0.0000      18.027     
 
 
               DENSITY                  VISCOSITY         SURFACE TENSION 
               GM/CC                     CP                  DYNE/CM  
 STAGE LIQUID FROM  VAPOR TO     LIQUID FROM  VAPOR TO      LIQUID FROM 
    1  0.75038      0.14711E-02  0.43297      0.10764E-01    24.304     
    2  0.74747      0.14804E-02  0.42317      0.10843E-01    25.022     
    4  0.74867      0.14950E-02  0.41124      0.10968E-01    26.859     
    5  0.75112      0.14857E-02  0.40500      0.11060E-01    28.374     
    6  0.75580      0.14511E-02  0.39677      0.11204E-01    30.792     
    7  0.76646      0.13319E-02  0.38365      0.11482E-01    35.283     
    8  0.80334      0.13831E-02  0.35570      0.11493E-01    45.685     
    9  0.80342      0.13991E-02  0.35302      0.11525E-01    45.755     
   13  0.90364      0.78187E-03  0.27702      0.12829E-01    57.127     
   14  0.90977      0.75583E-03  0.26207      0.12858E-01    56.939     
   15  0.91012                   0.25839                     56.794     
 
 
       MARANGONI INDEX   FLOW PARAM          QR          REDUCED F-FACTOR 
 STAGE    DYNE/CM                          L/MIN         (GM-L)**.5/MIN   
    1                    0.44278E-01      0.22936E+06      0.62768E+07 
    2   0.71854          0.43769E-01      0.22828E+06      0.62350E+07 
    4    1.0474          0.43933E-01      0.22162E+06      0.60578E+07 
    5    1.5156          0.43705E-01      0.21662E+06      0.59308E+07 
    6    2.4177          0.43028E-01      0.20956E+06      0.57557E+07 
    7    4.4906          0.40868E-01      0.19943E+06      0.55163E+07 
    8   0.58509          0.56790E-01      0.18677E+06      0.52891E+07 
    9   0.70231E-01      0.57173E-01      0.18498E+06      0.52386E+07 
   13    2.0678          0.49394E-01      0.12707E+06      0.38182E+07 
   14   -.18752          0.49063E-01      0.12458E+06      0.37561E+07 
   15   -.14565                            0.0000           0.0000     
 
 
 
 
                 ************************************  
                 ***** TRAY SIZING CALCULATIONS *****  
                 ************************************  
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     ******************* 
    *** SECTION   1 *** 
    ******************* 
 
    STARTING STAGE NUMBER                                         2 
    ENDING STAGE NUMBER                                          14 
    FLOODING CALCULATION METHOD                               GLITSCH6 
 
    DESIGN PARAMETERS              
    -----------------              
    PEAK CAPACITY FACTOR                                      1.00000     
    SYSTEM FOAMING FACTOR                                     1.00000     
    FLOODING FACTOR                                           0.80000     
    MINIMUM COLUMN DIAMETER         METER                     0.30480     
    MINIMUM DC AREA/COLUMN AREA                               0.100000    
    HOLE AREA/ACTIVE AREA                                     0.100000    
 
    TRAY SPECIFICATIONS         
    -------------------         
    TRAY TYPE                                                 SIEVE        
    NUMBER OF PASSES                                              4 
    TRAY SPACING                    METER                     0.60960     
 
 
            ***** SIZING RESULTS @ STAGE WITH MAXIMUM DIAMETER ***** 
 
    STAGE WITH MAXIMUM DIAMETER                                   2 
    COLUMN DIAMETER                 METER                     7.81400     
    DC AREA/COLUMN AREA                                       0.093750    
    SIDE DOWNCOMER VELOCITY         M/SEC                     0.037004    
    FLOW PATH LENGTH                METER                     1.46634     
    SIDE DOWNCOMER WIDTH            METER                     0.47533     
    SIDE WEIR LENGTH                METER                     3.73538     
    CENTER DOWNCOMER WIDTH          METER                     0.30693     
    CENTER WEIR LENGTH              METER                     7.80797     
    OFF-CENTER DOWNCOMER WIDTH      METER                     0.34553     
    OFF-CENTER SHORT WEIR LENGTH    METER                     6.75340     
    OFF-CENTER LONG WEIR LENGTH     METER                     7.11080     
    TRAY CENTER TO OCDC CENTER      METER                     1.79257     
 
 
                          **** SIZING PROFILES **** 
 
       STAGE    DIAMETER      TOTAL AREA   ACTIVE AREA   SIDE DC AREA 
                                            PER PANEL      PER PANEL 
                  METER         SQM          SQM            SQM      
          2       7.8140        47.955       9.5911        1.1240     
          3       7.8140        47.955       9.5911        1.1240     
          4       7.8140        47.955       9.5911        1.1240     
          5       7.8140        47.955       9.5911        1.1240     
          6       7.8140        47.955       9.5911        1.1240     
          7       7.8140        47.955       9.5911        1.1240     
          8       7.8140        47.955       9.5911        1.1240     
          9       7.8140        47.955       9.5911        1.1240     
         10       7.8140        47.955       9.5911        1.1240     
         11       7.8140        47.955       9.5911        1.1240     
         12       7.8140        47.955       9.5911        1.1240     
         13       7.8140        47.955       9.5911        1.1240     
         14       7.8140        47.955       9.5911        1.1240     
 
 
               **** ADDITIONAL SIZING PROFILES **** 
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        FLOODING                            DC BACKUP/ 
 STAGE FACTOR      PRES. DROP  DC BACKUP   (TSPC+WHT) 
                    BAR         METER    
   2     80.00      0.8766E-02  0.2386       36.13     
   3     78.95      0.8622E-02  0.2355       35.66     
   4     77.56      0.8437E-02  0.2311       35.00     
   5     75.86      0.8210E-02  0.2255       34.14     
   6     73.58      0.7908E-02  0.2175       32.94     
   7     70.75      0.7519E-02  0.2060       31.19     
   8     67.78      0.7521E-02  0.2074       31.41     
   9     67.04      0.7444E-02  0.2060       31.20     
  10     65.75      0.7299E-02  0.2026       30.68     
  11     62.06      0.6882E-02  0.1912       28.96     
  12     54.04      0.6148E-02  0.1699       25.72     
  13     50.04      0.5881E-02  0.1611       24.40     
  14     49.31      0.5835E-02  0.1598       24.19     
 
       HEIGHT      DC REL      TR LIQ REL  FRA APPR TO 
 STAGE OVER WEIR   FROTH DENS  FROTH DENS  SYS LIMIT 
        METER    
   2    0.7353E-01  0.6068      0.1788       47.90     
   3    0.7284E-01  0.6068      0.1797       46.95     
   4    0.7166E-01  0.6068      0.1810       45.71     
   5    0.6987E-01  0.6069      0.1828       44.09     
   6    0.6699E-01  0.6070      0.1855       41.83     
   7    0.6172E-01  0.6072      0.1895       38.54     
   8    0.7249E-01  0.6076      0.1939       34.25     
   9    0.7209E-01  0.6076      0.1949       33.92     
  10    0.7063E-01  0.6076      0.1971       33.14     
  11    0.6472E-01  0.6078      0.2044       30.53     
  12    0.5120E-01  0.6080      0.2255       25.05     
  13    0.4435E-01  0.6081      0.2395       22.48     
  14    0.4323E-01  0.6082      0.2423       22.09     
 
 BLOCK:  D-305    MODEL: SEP2             
 ---------------------------- 
   INLET STREAM:          37       
   OUTLET STREAMS:        39          38       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            181.121         181.121       -0.156921E-15 
       MASS(KG/HR   )            7500.00         7500.00       -0.242532E-15 
       ENTHALPY(CAL/SEC )      -0.267761E+07   -0.270744E+07    0.110176E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
 
                          ***  INPUT DATA  *** 
 
   INLET PRESSURE DROP   BAR                                 0.0         
 
   FLASH SPECS FOR STREAM 39       
   TWO    PHASE  TP  FLASH 
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   PRESSURE DROP         BAR                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR STREAM 38       
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         BAR                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   SUBSTREAM MASS FLOW (KG/HR   ) 
     SUBSTREAM= MIXED    
       STREAM= 39        FLOW=          7,055.00        
 
   SPLIT FRACTION 
     SUBSTREAM= MIXED    
       STREAM= 39        CPT= ETHAN-01  FRACTION=          0.99000     
                              OXYGE-01                     0.99000     
                              CARBO-01                     0.99000     
                              ETHYL-01                     0.99000     
                              ACETA-01                     0.99000     
                              METHA-01                     0.99000     
 
   MOLE FRACTION 
     SUBSTREAM= MIXED    
       STREAM= 39        CPT= ETHYL-02  FRACTION=          0.0         
                              DIETH-01                     0.0         
                              TRIET-01                     0.0         
 
 
                           ***  RESULTS  *** 
 
   HEAT DUTY             CAL/SEC                             -29830.     
 
  STREAM=   39         SUBSTREAM= MIXED    
     COMPONENT = ETHAN-01  SPLIT FRACTION =          0.99000     
     COMPONENT = WATER     SPLIT FRACTION =          0.20154     
     COMPONENT = ETHYL-01  SPLIT FRACTION =          0.99000     
     COMPONENT = ACETA-01  SPLIT FRACTION =          0.99000     
     COMPONENT = METHA-01  SPLIT FRACTION =          0.99000     
 
  STREAM=   38         SUBSTREAM= MIXED    
     COMPONENT = ETHAN-01  SPLIT FRACTION =          0.0100000   
     COMPONENT = WATER     SPLIT FRACTION =          0.79846     
     COMPONENT = ETHYL-01  SPLIT FRACTION =          0.0100000   
     COMPONENT = ACETA-01  SPLIT FRACTION =          0.0100000   
     COMPONENT = METHA-01  SPLIT FRACTION =          0.0100000   
 
 BLOCK:  D-512    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - 72       STAGE   6 
    OUTLETS  - 76       STAGE   1 
               84       STAGE  11 
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            2863.13         2863.13         0.00000     
       MASS(KG/HR   )            76421.1         76421.1        0.213607E-07 
       ENTHALPY(CAL/SEC )      -0.500592E+08   -0.587401E+08    0.147786     
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                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.366827E-09  KG/HR            
    PRODUCT STREAMS CO2E         0.366827E-09  KG/HR            
    NET STREAMS CO2E PRODUCTION  0.543801E-17  KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION        0.543801E-17  KG/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        11 
    ALGORITHM OPTION                                      STANDARD     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    MASS REFLUX RATIO                                        0.50000     
    MASS DISTILLATE RATE           KG/HR                44,225.0         
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, BAR                     1.01325     
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  76           84       
    COMPONENT: 
    ETHAN-01    1.0000       .33993E-08 
    CARBO-01    1.0000       0.0000     
    WATER       1.0000       .25740E-05 
    ACETA-01    1.0000       .10775E-08 
    ETHYL-02    .69358E-01   .93064     
    DIETH-01    .91271E-02   .99087     
    TRIET-01    .42044E-09   1.0000     
    METHA-01    1.0000       .32656E-07 
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          C                       100.423       
    BOTTOM STAGE TEMPERATURE       C                       207.047       
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    TOP STAGE LIQUID FLOW          KMOL/HR               1,184.48        
    BOTTOM STAGE LIQUID FLOW       KMOL/HR                 494.173       
    TOP STAGE VAPOR FLOW           KMOL/HR                   0.0         
    BOILUP VAPOR FLOW              KMOL/HR                 314.871       
    MOLAR REFLUX RATIO                                       0.50000     
    MOLAR BOILUP RATIO                                       0.63717     
    CONDENSER DUTY (W/O SUBCOOL)   CAL/SEC          -9,779,270.          
    REBOILER DUTY                  CAL/SEC           1,098,320.          
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.13366E-03  STAGE=  6 
    BUBBLE POINT                    0.16297E-03  STAGE=  4 
    COMPONENT MASS BALANCE          0.41938E-06  STAGE=  8 COMP=WATER    
    ENERGY BALANCE                  0.82642E-04  STAGE=  6 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             CAL/MOL            HEAT DUTY 
       C             BAR            LIQUID       VAPOR        CAL/SEC  
 
   1   100.42        1.0132       -67460.      -57158.      -.97793+07 
   2   114.16        1.0436       -81322.      -57553.                 
   3   144.25        1.0740       -95953.      -60783.                 
   4   157.71        1.1044       -98868.      -63917.                 
   5   161.05        1.1348      -0.10065E+06  -64676.                 
   6   185.02        1.1652      -0.10314E+06  -75762.                 
  10   205.90        1.2868      -0.10381E+06  -90044.                 
  11   207.05        1.3172      -0.10453E+06  -90120.       .10983+07 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KMOL/HR                    KMOL/HR                  KMOL/HR  
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  3553.      0.000                                     2368.9570           
   2  943.8      3553.                                                         
   3  836.9      3313.                                                         
   4  836.7      3206.                                                         
   5  730.1      3206.                2863.1297                                
   6  762.6      235.9                                                         
  10  809.0      312.3                                                         
  11  494.2      314.9                                      494.1727           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KG/HR                      KG/HR                    KG/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.6634E+05  0.000                                     .44225+05           
   2 0.3239E+05 0.6634E+05                                                     
   3 0.4343E+05 0.7662E+05                                                     
   4 0.4672E+05 0.8765E+05                                                     
   5 0.4239E+05 0.9094E+05            .76421+05                                
   6 0.4745E+05 0.1020E+05                                                     
  10 0.5193E+05 0.1953E+05                                                     
  11 0.3220E+05 0.1974E+05                                 .32196+05           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     ETHAN-01      CARBO-01      WATER         ACETA-01      ETHYL-02 
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      1    0.13785E-04   0.35185E-14   0.98525       0.81233E-07   0.14641E-01 
      2    0.12471E-05   0.14358E-17   0.63456       0.96276E-08   0.36072     
      3    0.60349E-06   0.11584E-17   0.24139       0.60259E-08   0.74831     
      4    0.50818E-06   0.10982E-17   0.15481       0.48960E-08   0.83193     
      5    0.57456E-06   0.11357E-17   0.14085       0.48855E-08   0.81721     
      6    0.67151E-07   0.11553E-20   0.45907E-01   0.61638E-09   0.91260     
     10    0.28454E-11   0.30579E-33   0.72128E-04   0.77792E-14   0.95894     
     11    0.22464E-12   0.21426E-36   0.12157E-04   0.41959E-15   0.94177     
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     DIETH-01      TRIET-01      METHA-01 
      1    0.89235E-04   0.10329E-11   0.15134E-05 
      2    0.47263E-02   0.18488E-08   0.20060E-06 
      3    0.10302E-01   0.38900E-06   0.97372E-07 
      4    0.13214E-01   0.42260E-04   0.81569E-07 
      5    0.33946E-01   0.79868E-02   0.83380E-07 
      6    0.33823E-01   0.76658E-02   0.13428E-07 
     10    0.33722E-01   0.72640E-02   0.22481E-11 
     11    0.46441E-01   0.11777E-01   0.23691E-12 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     ETHAN-01      CARBO-01      WATER         ACETA-01      ETHYL-02 
      1    0.16884E-03   0.18054E-10   0.99953       0.11405E-05   0.28391E-03 
      2    0.13785E-04   0.35185E-14   0.98525       0.81233E-07   0.14641E-01 
      3    0.10213E-04   0.25165E-14   0.88534       0.60832E-07   0.11324     
      4    0.10344E-04   0.26003E-14   0.79106       0.61600E-07   0.20617     
      5    0.10320E-04   0.26004E-14   0.76850       0.61308E-07   0.22796     
      6    0.17781E-05   0.35148E-17   0.43586       0.15119E-07   0.55631     
     10    0.94012E-10   0.11405E-29   0.98096E-03   0.36350E-12   0.98733     
     11    0.69587E-11   0.78538E-33   0.16625E-03   0.19330E-13   0.98589     
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     DIETH-01      TRIET-01      METHA-01 
      1    0.26205E-06   0.15215E-14   0.11411E-04 
      2    0.89235E-04   0.10329E-11   0.15134E-05 
      3    0.14104E-02   0.52746E-09   0.11394E-05 
      4    0.27554E-02   0.10155E-06   0.11437E-05 
      5    0.35149E-02   0.11030E-04   0.11397E-05 
      6    0.77744E-02   0.46731E-04   0.25803E-06 
     10    0.11560E-01   0.12730E-03   0.52671E-10 
     11    0.13760E-01   0.18056E-03   0.54046E-11 
 
                         ****   K-VALUES           **** 
   STAGE     ETHAN-01      CARBO-01      WATER         ACETA-01      ETHYL-02 
      1     12.248        5131.2        1.0145        14.040       0.19391E-01 
      2     11.053        2450.2        1.5527        8.4370       0.40591E-01 
      3     16.923        2172.6        3.6678        10.094       0.15132     
      4     20.368        2369.8        5.1113        12.585       0.24777     
      5     17.967        2290.9        5.4571        12.551       0.27892     
      6     26.495        3044.6        9.4972        24.519       0.60950     
     10     33.040        3729.6        13.600        46.727        1.0296     
     11     30.978        3665.6        13.675        46.069        1.0469     
 
                         ****   K-VALUES           **** 
   STAGE     DIETH-01      TRIET-01      METHA-01 
      1    0.29366E-02   0.14730E-02    7.5400     
      2    0.18879E-01   0.55835E-03    7.5438     
      3    0.13685       0.13550E-02    11.702     
      4    0.20852       0.24009E-02    14.031     
      5    0.10349       0.13796E-02    13.674     
      6    0.22986       0.60871E-02    19.229     
     10    0.34280       0.17525E-01    23.429     
     11    0.29630       0.15331E-01    22.813     
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                          ****   MASS-X-PROFILE     **** 
   STAGE     ETHAN-01      CARBO-01      WATER         ACETA-01      ETHYL-02 
      1    0.34018E-04   0.82946E-14   0.95078       0.19169E-06   0.48679E-01 
      2    0.16739E-05   0.18411E-17   0.33307       0.12357E-07   0.65232     
      3    0.53580E-06   0.98249E-18   0.83807E-01   0.51159E-08   0.89512     
      4    0.41930E-06   0.86566E-18   0.49950E-01   0.38629E-08   0.92482     
      5    0.45588E-06   0.86087E-18   0.43703E-01   0.37067E-08   0.87360     
      6    0.49727E-07   0.81726E-21   0.13294E-01   0.43647E-09   0.91051     
     10    0.20421E-11   0.20965E-33   0.20243E-04   0.53388E-14   0.92724     
     11    0.15884E-12   0.14473E-36   0.33617E-05   0.28371E-15   0.89720     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     DIETH-01      TRIET-01      METHA-01 
      1    0.50726E-03   0.83092E-11   0.25975E-05 
      2    0.14613E-01   0.80891E-08   0.18728E-06 
      3    0.21070E-01   0.11258E-05   0.60129E-07 
      4    0.25115E-01   0.11366E-03   0.46810E-07 
      5    0.62044E-01   0.20657E-01   0.46014E-07 
      6    0.57697E-01   0.18505E-01   0.69161E-08 
     10    0.55750E-01   0.16994E-01   0.11222E-11 
     11    0.75645E-01   0.27147E-01   0.11652E-12 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     ETHAN-01      CARBO-01      WATER         ACETA-01      ETHYL-02 
      1    0.43135E-03   0.44062E-10   0.99857       0.27862E-05   0.97723E-03 
      2    0.34018E-04   0.82946E-14   0.95078       0.19169E-06   0.48679E-01 
      3    0.20343E-04   0.47884E-14   0.68961       0.11587E-06   0.30390     
      4    0.17430E-04   0.41856E-14   0.52125       0.99253E-07   0.46804     
      5    0.16759E-04   0.40341E-14   0.48802       0.95203E-07   0.49875     
      6    0.18955E-05   0.35795E-17   0.18171       0.15413E-07   0.79904     
     10    0.69246E-10   0.80249E-30   0.28255E-03   0.25603E-12   0.97980     
     11    0.51143E-11   0.55141E-33   0.47780E-04   0.13585E-13   0.97622     
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     DIETH-01      TRIET-01      METHA-01 
      1    0.15422E-05   0.12671E-13   0.20276E-04 
      2    0.50726E-03   0.83092E-11   0.25975E-05 
      3    0.64713E-02   0.34248E-08   0.15785E-05 
      4    0.10695E-01   0.55778E-06   0.13404E-05 
      5    0.13148E-01   0.58389E-04   0.12872E-05 
      6    0.19092E-01   0.16240E-03   0.19133E-06 
     10    0.19614E-01   0.30565E-03   0.26983E-10 
     11    0.23296E-01   0.43257E-03   0.27627E-11 
 
 
 
 
                    ******************************** 
                    ***** HYDRAULIC PARAMETERS ***** 
                    ******************************** 
 
 
       *** DEFINITIONS *** 
 
        MARANGONI INDEX = SIGMA - SIGMATO 
        FLOW PARAM = (ML/MV)*SQRT(RHOV/RHOL) 
        QR = QV*SQRT(RHOV/(RHOL-RHOV)) 
        F FACTOR = QV*SQRT(RHOV) 
          WHERE: 
          SIGMA IS THE SURFACE TENSION OF LIQUID FROM THE STAGE 
          SIGMATO IS THE SURFACE TENSION OF LIQUID TO THE STAGE 
          ML IS THE MASS FLOW OF LIQUID FROM THE STAGE 
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          MV IS THE MASS FLOW OF VAPOR TO THE STAGE 
          RHOL IS THE MASS DENSITY OF LIQUID FROM THE STAGE 
          RHOV IS THE MASS DENSITY OF VAPOR TO THE STAGE 
          QV IS THE VOLUMETRIC FLOW RATE OF VAPOR TO THE STAGE 
 
 
                     TEMPERATURE 
                         C    
 STAGE       LIQUID FROM       VAPOR TO 
    1         100.42            114.16     
    2         114.16            144.25     
    3         144.25            157.71     
    4         157.71            161.05     
    5         161.05            198.33     
    6         185.02            198.88     
   10         205.90            207.05     
   11         207.05            207.05     
 
 
             MASS FLOW                VOLUME FLOW         MOLECULAR WEIGHT 
              KG/HR                    L/MIN    
 STAGE LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO 
    1   66337.      66337.      1198.0     0.18274E+07  18.669      18.669     
    2   32395.      76620.      544.94     0.17840E+07  34.322      23.128     
    3   43426.      87651.      727.43     0.17331E+07  51.889      27.341     
    4   46717.      90942.      790.76     0.16996E+07  55.834      28.369     
    5   42391.      86616.      721.36     0.17841E+07  58.063      27.949     
    6   47445.      15249.      825.99     0.14687E+06  62.212      56.800     
   10   51933.      19737.      924.89     0.15906E+06  64.191      62.683     
   11   32196.      0.0000      574.80      0.0000      65.151     
 
 
               DENSITY                  VISCOSITY         SURFACE TENSION 
               GM/CC                     CP                  DYNE/CM  
 STAGE LIQUID FROM  VAPOR TO     LIQUID FROM  VAPOR TO      LIQUID FROM 
    1  0.92286      0.60504E-03  0.28650      0.13100E-01    57.910     
    2  0.99076      0.71579E-03  0.48291      0.14091E-01    49.596     
    3  0.99496      0.84293E-03  0.67914      0.14363E-01    39.222     
    4  0.98464      0.89179E-03  0.66668      0.14420E-01    36.282     
    5  0.97943      0.80913E-03  0.66125      0.15779E-01    35.692     
    6  0.95734      0.17304E-02  0.57428      0.13505E-01    31.532     
   10  0.93585      0.20681E-02  0.47571      0.13298E-01    28.465     
   11  0.93354                   0.47128                     28.352     
 
 
       MARANGONI INDEX   FLOW PARAM          QR          REDUCED F-FACTOR 
 STAGE    DYNE/CM                          L/MIN         (GM-L)**.5/MIN   
    1                    0.25605E-01       46805.          0.14214E+07 
    2   -8.3140          0.11364E-01       47970.          0.15094E+07 
    3   -10.375          0.14421E-01       50465.          0.15911E+07 
    4   -2.9392          0.15460E-01       51173.          0.16050E+07 
    5   -.59066          0.14067E-01       51302.          0.16049E+07 
    6   -4.1600          0.13228           6250.0          0.19321E+06 
   10   -.12684          0.12369           7485.6          0.22874E+06 
   11   -.11306                            0.0000           0.0000     
 
 
 
 
                 ************************************  
                 ***** TRAY SIZING CALCULATIONS *****  
                 ************************************  
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     ******************* 
    *** SECTION   1 *** 
    ******************* 
 
    STARTING STAGE NUMBER                                         2 
    ENDING STAGE NUMBER                                          10 
    FLOODING CALCULATION METHOD                               GLITSCH6 
 
    DESIGN PARAMETERS              
    -----------------              
    PEAK CAPACITY FACTOR                                      1.00000     
    SYSTEM FOAMING FACTOR                                     1.00000     
    FLOODING FACTOR                                           0.80000     
    MINIMUM COLUMN DIAMETER         METER                     0.30480     
    MINIMUM DC AREA/COLUMN AREA                               0.100000    
    HOLE AREA/ACTIVE AREA                                     0.100000    
 
    TRAY SPECIFICATIONS         
    -------------------         
    TRAY TYPE                                                 SIEVE        
    NUMBER OF PASSES                                              1 
    TRAY SPACING                    METER                     0.60960     
 
 
            ***** SIZING RESULTS @ STAGE WITH MAXIMUM DIAMETER ***** 
 
    STAGE WITH MAXIMUM DIAMETER                                   5 
    COLUMN DIAMETER                 METER                     3.82888     
    DC AREA/COLUMN AREA                                       0.100000    
    DOWNCOMER VELOCITY              M/SEC                     0.010442    
    FLOW PATH LENGTH                METER                     2.63063     
    SIDE DOWNCOMER WIDTH            METER                     0.59913     
    SIDE WEIR LENGTH                METER                     2.78211     
    CENTER DOWNCOMER WIDTH          METER                     0.0         
    CENTER WEIR LENGTH              METER                     MISSING     
    OFF-CENTER DOWNCOMER WIDTH      METER                     0.0         
    OFF-CENTER SHORT WEIR LENGTH    METER                     MISSING     
    OFF-CENTER LONG WEIR LENGTH     METER                     MISSING     
    TRAY CENTER TO OCDC CENTER      METER                     0.0         
 
 
                          **** SIZING PROFILES **** 
 
       STAGE    DIAMETER      TOTAL AREA   ACTIVE AREA   SIDE DC AREA 
                  METER         SQM          SQM            SQM      
          2       3.8289        11.514       9.2114        1.1514     
          3       3.8289        11.514       9.2114        1.1514     
          4       3.8289        11.514       9.2114        1.1514     
          5       3.8289        11.514       9.2114        1.1514     
          6       3.8289        11.514       9.2114        1.1514     
          7       3.8289        11.514       9.2114        1.1514     
          8       3.8289        11.514       9.2114        1.1514     
          9       3.8289        11.514       9.2114        1.1514     
         10       3.8289        11.514       9.2114        1.1514     
 
 
               **** ADDITIONAL SIZING PROFILES **** 
 
       FLOODING                            DC BACKUP/ 
 STAGE FACTOR      PRES. DROP  DC BACKUP   (TSPC+WHT) 
                    BAR         METER    
   2     75.65      0.9454E-02  0.1943       29.42     
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   3     78.25      0.1020E-01  0.2084       31.56     
   4     78.89      0.1031E-01  0.2130       32.25     
   5     80.00      0.1023E-01  0.2111       31.96     
   6     12.04      0.5771E-02  0.1937       29.33     
   7     13.52      0.5664E-02  0.1928       29.20     
   8     13.96      0.5635E-02  0.1928       29.19     
   9     14.04      0.5631E-02  0.1930       29.22     
  10     14.06      0.5631E-02  0.1932       29.25     
 
       HEIGHT      DC REL      TR LIQ REL  FRA APPR TO 
 STAGE OVER WEIR   FROTH DENS  FROTH DENS  SYS LIMIT 
        METER    
   2    0.4733E-01  0.6083      0.1781       37.37     
   3    0.5855E-01  0.6083      0.1744       41.81     
   4    0.6216E-01  0.6083      0.1739       43.15     
   5    0.5834E-01  0.6083      0.1739       43.34     
   6    0.2800E-01  0.6082      0.5846       5.467     
   7    0.3048E-01  0.6082      0.5564       6.391     
   8    0.3124E-01  0.6082      0.5493       6.652     
   9    0.3144E-01  0.6082      0.5485       6.696     
  10    0.3154E-01  0.6082      0.5488       6.700     
 
 BLOCK:  D-601    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - 84       STAGE   7 
    OUTLETS  - 85       STAGE   1 
               86       STAGE  14 
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            494.173         494.173        0.575137E-15 
       MASS(KG/HR   )            32196.1         32196.1        0.552645E-11 
       ENTHALPY(CAL/SEC )      -0.143482E+08   -0.144194E+08    0.493474E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        14 
    ALGORITHM OPTION                                      STANDARD     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
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    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    MASS REFLUX RATIO                                       10.5000      
    MASS DISTILLATE RATE           KG/HR                27,925.0         
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, BAR                     1.01325     
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  85           86       
    COMPONENT: 
    ETHAN-01    1.0000       .68433E-14 
    WATER       1.0000       .27094E-11 
    ETHYL-02    .96575       .34250E-01 
    DIETH-01    .11416E-01   .98858     
    TRIET-01    .42897E-09   1.0000     
    METHA-01    1.0000       .64327E-13 
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          C                       197.084       
    BOTTOM STAGE TEMPERATURE       C                       240.405       
    TOP STAGE LIQUID FLOW          KMOL/HR               4,722.11        
    BOTTOM STAGE LIQUID FLOW       KMOL/HR                  44.4478      
    TOP STAGE VAPOR FLOW           KMOL/HR                   0.0         
    BOILUP VAPOR FLOW              KMOL/HR               4,903.56        
    MOLAR REFLUX RATIO                                      10.5000      
    MOLAR BOILUP RATIO                                     110.322       
    CONDENSER DUTY (W/O SUBCOOL)   CAL/SEC                  -0.183993+08 
    REBOILER DUTY                  CAL/SEC                   0.183282+08 
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.15983E-03  STAGE= 14 
    BUBBLE POINT                    0.18874E-03  STAGE= 13 
    COMPONENT MASS BALANCE          0.18716E-07  STAGE=  7 COMP=TRIET-01 
    ENERGY BALANCE                  0.16634E-03  STAGE= 14 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             CAL/MOL            HEAT DUTY 
       C             BAR            LIQUID       VAPOR        CAL/SEC  
 
   1   197.08        1.0132      -0.10271E+06  -89907.      -.18399+08 
   2   197.86        1.0366      -0.10268E+06  -89901.                 
580
   5   200.11        1.1068      -0.10264E+06  -89893.                 
   6   200.85        1.1302      -0.10266E+06  -89913.                 
   7   201.65        1.1535      -0.10283E+06  -89961.                 
   8   202.36        1.1769      -0.10283E+06  -89963.                 
  10   203.90        1.2237      -0.10312E+06  -90094.                 
  11   205.08        1.2471      -0.10402E+06  -90389.                 
  12   208.60        1.2705      -0.10829E+06  -91400.                 
  13   222.22        1.2938      -0.11848E+06  -95515.                 
  14   240.41        1.3172      -0.12868E+06 -0.10493E+06   .18328+08 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KMOL/HR                    KMOL/HR                  KMOL/HR  
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  5172.      0.000                                      449.7248           
   2  4729.      5172.                                                         
   5  4753.      5193.                                                         
   6  4764.      5202.                   9.5051                                
   7  5262.      5204.       484.6675                                          
   8  5273.      5218.                                                         
  10  5317.      5244.                                                         
  11  5360.      5272.                                                         
  12  5282.      5316.                                                         
  13  4948.      5238.                                                         
  14  44.45      4904.                                       44.4478           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            KG/HR                      KG/HR                    KG/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.3211E+06  0.000                                     .27925+05           
   2 0.2937E+06 0.3211E+06                                                     
   5 0.2957E+06 0.3228E+06                                                     
   6 0.2969E+06 0.3236E+06             596.0078                                
   7 0.3295E+06 0.3242E+06  .31600+05                                          
   8 0.3305E+06 0.3252E+06                                                     
  10 0.3363E+06 0.3280E+06                                                     
  11 0.3467E+06 0.3320E+06                                                     
  12 0.3725E+06 0.3424E+06                                                     
  13 0.4131E+06 0.3682E+06                                                     
  14  4271.     0.4088E+06                                 4271.0651           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     ETHAN-01      WATER         ETHYL-02      DIETH-01      TRIET-01 
      1    0.24684E-12   0.13359E-04   0.99940       0.58259E-03   0.55515E-11 
      2    0.52822E-14   0.94066E-06   0.99909       0.90737E-03   0.12928E-09 
      5    0.49607E-15   0.88957E-07   0.99658       0.34198E-02   0.14755E-05 
      6    0.51089E-15   0.89115E-07   0.99440       0.55644E-02   0.37910E-04 
      7    0.33044E-15   0.71328E-07   0.98889       0.99764E-02   0.11384E-02 
      8    0.83829E-17   0.52341E-08   0.98745       0.11418E-01   0.11322E-02 
     10    0.62845E-20   0.28508E-10   0.97439       0.24506E-01   0.11034E-02 
     11    0.21767E-21   0.20889E-11   0.94200       0.56914E-01   0.10903E-02 
     12    0.10699E-22   0.14098E-12   0.80988       0.18836       0.17567E-02 
     13    0.46941E-24   0.75055E-14   0.54106       0.43160       0.27338E-01 
     14    0.17091E-25   0.36622E-15   0.35862       0.51044       0.13094     
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     METHA-01 
      1    0.26033E-12 
      2    0.94177E-14 
      5    0.87836E-15 
      6    0.89005E-15 
      7    0.62456E-15 
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      8    0.24829E-16 
     10    0.41444E-19 
     11    0.17968E-20 
     12    0.83945E-22 
     13    0.37396E-23 
     14    0.16944E-24 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     ETHAN-01      WATER         ETHYL-02      DIETH-01      TRIET-01 
      1    0.11722E-10   0.19090E-03   0.99943       0.38176E-03   0.24077E-12 
      2    0.24684E-12   0.13359E-04   0.99940       0.58259E-03   0.55515E-11 
      5    0.21820E-13   0.12408E-05   0.99797       0.20324E-02   0.57322E-07 
      6    0.21791E-13   0.12361E-05   0.99682       0.31745E-02   0.13480E-05 
      7    0.13428E-13   0.98531E-06   0.99485       0.51181E-02   0.34407E-04 
      8    0.33325E-15   0.71936E-07   0.99425       0.57132E-02   0.32721E-04 
     10    0.22262E-18   0.38907E-09   0.98922       0.10764E-01   0.20624E-04 
     11    0.63375E-20   0.28748E-10   0.97958       0.20409E-01   0.88082E-05 
     12    0.21949E-21   0.21064E-11   0.94687       0.53122E-01   0.45757E-05 
     13    0.10789E-22   0.14218E-12   0.81371       0.18563       0.66042E-03 
     14    0.47351E-24   0.75702E-14   0.54271       0.43089       0.26398E-01 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     METHA-01 
      1    0.72876E-11 
      2    0.26033E-12 
      5    0.23345E-13 
      6    0.23306E-13 
      7    0.16045E-13 
      8    0.62988E-15 
     10    0.10110E-17 
     11    0.41793E-19 
     12    0.18118E-20 
     13    0.84656E-22 
     14    0.37720E-23 
 
                         ****   K-VALUES           **** 
   STAGE     ETHAN-01      WATER         ETHYL-02      DIETH-01      TRIET-01 
      1     47.493        14.290        1.0000       0.65539       0.43396E-01 
      2     46.739        14.202        1.0003       0.64222       0.42979E-01 
      5     44.001        13.948        1.0014       0.59458       0.38910E-01 
      6     42.666        13.871        1.0024       0.57075       0.35605E-01 
      7     40.642        13.814        1.0060       0.51312       0.30234E-01 
      8     39.748        13.744        1.0069       0.50028       0.28866E-01 
     10     35.399        13.648        1.0152       0.43891       0.18635E-01 
     11     29.137        13.761        1.0399       0.35888       0.81125E-02 
     12     20.519        14.941        1.1691       0.28201       0.26043E-02 
     13     22.986        18.945        1.5043       0.43002       0.24106E-01 
     14     27.711        20.671        1.5129       0.84413       0.20155     
 
                         ****   K-VALUES           **** 
   STAGE     METHA-01 
      1     27.995     
      2     27.644     
      5     26.580     
      6     26.188     
      7     25.692     
      8     25.369     
     10     24.390     
     11     23.263     
     12     21.585     
     13     22.642     
     14     22.265     
 
582
                         ****   MASS-X-PROFILE     **** 
   STAGE     ETHAN-01      WATER         ETHYL-02      DIETH-01      TRIET-01 
      1    0.18314E-12   0.38758E-05   0.99900       0.99568E-03   0.13426E-10 
      2    0.39181E-14   0.27285E-06   0.99845       0.15504E-02   0.31258E-09 
      5    0.36731E-15   0.25757E-07   0.99416       0.58328E-02   0.35614E-05 
      6    0.37769E-15   0.25762E-07   0.99043       0.94759E-02   0.91357E-04 
      7    0.24315E-15   0.20524E-07   0.98036       0.16910E-01   0.27307E-02 
      8    0.61622E-17   0.15046E-08   0.97795       0.19333E-01   0.27131E-02 
     10    0.45777E-20   0.81203E-11   0.95626       0.41119E-01   0.26199E-02 
     11    0.15506E-21   0.58190E-12   0.90408       0.93391E-01   0.25317E-02 
     12    0.69890E-23   0.36016E-13   0.71281       0.28345       0.37408E-02 
     13    0.25901E-24   0.16195E-14   0.40223       0.54860       0.49172E-01 
     14    0.81941E-26   0.68660E-16   0.23164       0.56372       0.20464     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     METHA-01 
      1    0.13434E-12 
      2    0.48586E-14 
      5    0.45234E-15 
      6    0.45764E-15 
      7    0.31964E-15 
      8    0.12694E-16 
     10    0.20997E-19 
     11    0.89022E-21 
     12    0.38141E-22 
     13    0.14352E-23 
     14    0.56499E-25 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     ETHAN-01      WATER         ETHYL-02      DIETH-01      TRIET-01 
      1    0.86990E-11   0.55401E-04   0.99929       0.65262E-03   0.58247E-12 
      2    0.18314E-12   0.38758E-05   0.99900       0.99568E-03   0.13426E-10 
      5    0.16172E-13   0.35962E-06   0.99653       0.34699E-02   0.13849E-06 
      6    0.16137E-13   0.35796E-06   0.99458       0.54154E-02   0.32541E-05 
      7    0.99298E-14   0.28493E-06   0.99120       0.87186E-02   0.82943E-04 
      8    0.24634E-15   0.20794E-07   0.99019       0.97282E-02   0.78845E-04 
     10    0.16398E-18   0.11207E-09   0.98169       0.18264E-01   0.49520E-04 
     11    0.46366E-20   0.82248E-11   0.96558       0.34396E-01   0.21007E-04 
     12    0.15699E-21   0.58916E-12   0.91247       0.87524E-01   0.10669E-04 
     13    0.70700E-23   0.36433E-13   0.71839       0.28020       0.14107E-02 
     14    0.26163E-24   0.16357E-14   0.40401       0.54844       0.47548E-01 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     METHA-01 
      1    0.37617E-11 
      2    0.13434E-12 
      5    0.12034E-13 
      6    0.12005E-13 
      7    0.82528E-14 
      8    0.32384E-15 
     10    0.51795E-18 
     11    0.21267E-19 
     12    0.90132E-21 
     13    0.38583E-22 
     14    0.14496E-23 
 
 
 
 
                    ******************************** 
                    ***** HYDRAULIC PARAMETERS ***** 
                    ******************************** 
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        *** DEFINITIONS *** 
 
        MARANGONI INDEX = SIGMA - SIGMATO 
        FLOW PARAM = (ML/MV)*SQRT(RHOV/RHOL) 
        QR = QV*SQRT(RHOV/(RHOL-RHOV)) 
        F FACTOR = QV*SQRT(RHOV) 
          WHERE: 
          SIGMA IS THE SURFACE TENSION OF LIQUID FROM THE STAGE 
          SIGMATO IS THE SURFACE TENSION OF LIQUID TO THE STAGE 
          ML IS THE MASS FLOW OF LIQUID FROM THE STAGE 
          MV IS THE MASS FLOW OF VAPOR TO THE STAGE 
          RHOL IS THE MASS DENSITY OF LIQUID FROM THE STAGE 
          RHOV IS THE MASS DENSITY OF VAPOR TO THE STAGE 
          QV IS THE VOLUMETRIC FLOW RATE OF VAPOR TO THE STAGE 
 
 
                     TEMPERATURE 
                         C    
 STAGE       LIQUID FROM       VAPOR TO 
    1         197.08            197.86     
    2         197.86            198.62     
    5         200.11            200.85     
    6         200.85            201.65     
    7         201.65            202.36     
    8         202.36            203.09     
   10         203.90            205.08     
   11         205.08            208.60     
   12         208.60            222.22     
   13         222.22            240.41     
   14         240.41            240.41     
 
 
             MASS FLOW                VOLUME FLOW         MOLECULAR WEIGHT 
              KG/HR                    L/MIN    
 STAGE LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO 
    1  0.32114E+06 0.32114E+06  5643.9     0.32563E+07  62.094      62.094     
    2  0.29369E+06 0.32162E+06  5166.4     0.31937E+07  62.108      62.107     
    5  0.29571E+06 0.32364E+06  5216.6     0.30236E+07  62.219      62.208     
    6  0.29688E+06 0.32481E+06  5242.6     0.30353E+07  62.317      62.298     
    7  0.32946E+06 0.32519E+06  5825.7     0.29213E+07  62.608      62.323     
    8  0.33046E+06 0.32619E+06  5848.8     0.28746E+07  62.671      62.387     
   10  0.33627E+06 0.33200E+06  5967.3     0.28018E+07  63.245      62.968     
   11  0.34667E+06 0.34240E+06  6171.4     0.27933E+07  64.672      64.409     
   12  0.37251E+06 0.36824E+06  6692.6     0.27789E+07  70.521      70.304     
   13  0.41311E+06 0.40884E+06  7561.1     0.26492E+07  83.491      83.376     
   14   4271.1      0.0000      79.565      0.0000      96.092     
 
 
               DENSITY                  VISCOSITY         SURFACE TENSION 
               GM/CC                     CP                  DYNE/CM  
 STAGE LIQUID FROM  VAPOR TO     LIQUID FROM  VAPOR TO      LIQUID FROM 
    1  0.94833      0.16437E-02  0.52404      0.13083E-01    29.502     
    2  0.94745      0.16784E-02  0.51921      0.13103E-01    29.405     
    5  0.94479      0.17840E-02  0.50558      0.13158E-01    29.126     
    6  0.94382      0.17835E-02  0.50129      0.13174E-01    29.037     
    7  0.94255      0.18553E-02  0.49720      0.13192E-01    28.946     
    8  0.94167      0.18912E-02  0.49308      0.13208E-01    28.860     
   10  0.93920      0.19749E-02  0.48520      0.13228E-01    28.693     
   11  0.93624      0.20430E-02  0.48141      0.13238E-01    28.617     
   12  0.92767      0.22086E-02  0.47285      0.13256E-01    28.478     
   13  0.91061      0.25721E-02  0.41754      0.12988E-01    27.438     
   14  0.89466                   0.34354                     25.658     
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       MARANGONI INDEX   FLOW PARAM          QR          REDUCED F-FACTOR 
 STAGE    DYNE/CM                          L/MIN         (GM-L)**.5/MIN   
    1                    0.41632E-01      0.13568E+06      0.41748E+07 
    2   -.97154E-01      0.38435E-01      0.13454E+06      0.41375E+07 
    5   -.91114E-01      0.39704E-01      0.13151E+06      0.40385E+07 
    6   -.89428E-01      0.39733E-01      0.13207E+06      0.40536E+07 
    7   -.12308          0.44949E-01      0.12973E+06      0.39790E+07 
    8   -.86958E-01      0.45401E-01      0.12895E+06      0.39532E+07 
   10   -.81763E-01      0.46446E-01      0.12861E+06      0.39374E+07 
   11   -.75574E-01      0.47296E-01      0.13063E+06      0.39926E+07 
   12   -.13894          0.49359E-01      0.13575E+06      0.41298E+07 
   13   -1.0404          0.53702E-01      0.14100E+06      0.42487E+07 
   14   -1.7798                            0.0000           0.0000     
 
 
 
 
                 ************************************  
                 ***** TRAY SIZING CALCULATIONS *****  
                 ************************************  
 
 
    ******************* 
    *** SECTION   1 *** 
    ******************* 
 
    STARTING STAGE NUMBER                                         2 
    ENDING STAGE NUMBER                                          13 
    FLOODING CALCULATION METHOD                               GLITSCH6 
 
    DESIGN PARAMETERS              
    -----------------              
    PEAK CAPACITY FACTOR                                      1.00000     
    SYSTEM FOAMING FACTOR                                     1.00000     
    FLOODING FACTOR                                           0.80000     
    MINIMUM COLUMN DIAMETER         METER                     0.30480     
    MINIMUM DC AREA/COLUMN AREA                               0.100000    
    HOLE AREA/ACTIVE AREA                                     0.100000    
 
    TRAY SPECIFICATIONS         
    -------------------         
    TRAY TYPE                                                 SIEVE        
    NUMBER OF PASSES                                              1 
    TRAY SPACING                    METER                     0.60960     
 
 
            ***** SIZING RESULTS @ STAGE WITH MAXIMUM DIAMETER ***** 
 
    STAGE WITH MAXIMUM DIAMETER                                  13 
    COLUMN DIAMETER                 METER                     6.70976     
    DC AREA/COLUMN AREA                                       0.100000    
    DOWNCOMER VELOCITY              M/SEC                     0.035639    
    FLOW PATH LENGTH                METER                     4.60993     
    SIDE DOWNCOMER WIDTH            METER                     1.04991     
    SIDE WEIR LENGTH                METER                     4.87539     
    CENTER DOWNCOMER WIDTH          METER                     0.0         
    CENTER WEIR LENGTH              METER                     MISSING     
    OFF-CENTER DOWNCOMER WIDTH      METER                     0.0         
    OFF-CENTER SHORT WEIR LENGTH    METER                     MISSING     
    OFF-CENTER LONG WEIR LENGTH     METER                     MISSING     
    TRAY CENTER TO OCDC CENTER      METER                     0.0         
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                          **** SIZING PROFILES **** 
 
       STAGE    DIAMETER      TOTAL AREA   ACTIVE AREA   SIDE DC AREA 
                  METER         SQM          SQM            SQM      
          2       6.7098        35.359       28.287        3.5359     
          3       6.7098        35.359       28.287        3.5359     
          4       6.7098        35.359       28.287        3.5359     
          5       6.7098        35.359       28.287        3.5359     
          6       6.7098        35.359       28.287        3.5359     
          7       6.7098        35.359       28.287        3.5359     
          8       6.7098        35.359       28.287        3.5359     
          9       6.7098        35.359       28.287        3.5359     
         10       6.7098        35.359       28.287        3.5359     
         11       6.7098        35.359       28.287        3.5359     
         12       6.7098        35.359       28.287        3.5359     
         13       6.7098        35.359       28.287        3.5359     
 
 
               **** ADDITIONAL SIZING PROFILES **** 
 
       FLOODING                            DC BACKUP/ 
 STAGE FACTOR      PRES. DROP  DC BACKUP   (TSPC+WHT) 
                    BAR         METER    
   2     71.46      0.9421E-02  0.2841       43.02     
   3     70.79      0.9348E-02  0.2837       42.96     
   4     70.16      0.9281E-02  0.2834       42.91     
   5     69.62      0.9222E-02  0.2833       42.89     
   6     69.93      0.9254E-02  0.2845       43.09     
   7     70.50      0.9256E-02  0.3023       45.78     
   8     70.24      0.9209E-02  0.3026       45.81     
   9     70.13      0.9181E-02  0.3035       45.96     
  10     70.42      0.9200E-02  0.3064       46.40     
  11     71.82      0.9346E-02  0.3152       47.73     
  12     75.41      0.9712E-02  0.3385       51.25     
  13     80.00      0.1008E-01  0.3772       57.11     
 
       HEIGHT      DC REL      TR LIQ REL  FRA APPR TO 
 STAGE OVER WEIR   FROTH DENS  FROTH DENS  SYS LIMIT 
        METER    
   2    0.1435      0.6082      0.1879       38.92     
   3    0.1434      0.6082      0.1887       38.64     
   4    0.1433      0.6082      0.1895       38.38     
   5    0.1432      0.6082      0.1902       38.15     
   6    0.1439      0.6082      0.1899       38.33     
   7    0.1539      0.6082      0.1918       37.70     
   8    0.1540      0.6082      0.1924       37.51     
   9    0.1544      0.6082      0.1929       37.39     
  10    0.1559      0.6082      0.1929       37.46     
  11    0.1605      0.6082      0.1914       38.07     
  12    0.1721      0.6082      0.1880       39.58     
  13    0.1897      0.6082      0.1854       41.44     
 
 BLOCK:  E-102    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          2        
   OUTLET STREAM:         3        
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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    TOTAL BALANCE 
       MOLE(KMOL/HR )            803.421         803.421         0.00000     
       MASS(KG/HR   )            36150.0         36150.0         0.00000     
       ENTHALPY(CAL/SEC )      -0.147905E+08   -0.122406E+08   -0.172402     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                       100.000       
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    100.00     
   OUTLET PRESSURE       BAR                                  1.6212     
   HEAT DUTY             CAL/SEC                             0.25499E+07 
   OUTLET VAPOR FRACTION                                      1.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.95715        0.96232        0.95715         1.3855     
      WATER            0.33718E-01    0.31840E-01    0.33718E-01     1.4751     
      METHA-01         0.91276E-02    0.58433E-02    0.91276E-02     2.1759     
 
 BLOCK:  E-202-A  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          10       
   OUTLET STREAM:         11       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            1884.34         1884.34         0.00000     
       MASS(KG/HR   )            60600.0         60600.0         0.00000     
       ENTHALPY(CAL/SEC )      -0.152381E+08   -0.164103E+08    0.714316E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             1624.49      KG/HR            
    PRODUCT STREAMS CO2E          1624.49      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        79.4440      
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
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                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    79.444     
   OUTLET PRESSURE       BAR                                  1.3172     
   HEAT DUTY             CAL/SEC                            -0.11722E+07 
   OUTLET VAPOR FRACTION                                     0.96954     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.81620E-01    0.22450E-01    0.83479E-01     3.7184     
      OXYGE-01         0.21777        0.54239E-05    0.22461         41411.     
      CARBO-01         0.19589E-01    0.71973E-05    0.20204E-01     2807.1     
      WATER            0.36044        0.96811        0.34135        0.35260     
      ETHYL-01         0.31016        0.75033E-02    0.31966         42.603     
      ACETA-01         0.65296E-02    0.35470E-03    0.67236E-02     18.956     
      METHA-01         0.38917E-02    0.15651E-02    0.39648E-02     2.5332     
 
 BLOCK:  E-202-B  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          11       
   OUTLET STREAM:         12       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            1884.34         1884.34         0.00000     
       MASS(KG/HR   )            60600.0         60600.0         0.00000     
       ENTHALPY(CAL/SEC )      -0.164103E+08   -0.194056E+08    0.154350     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             1624.49      KG/HR            
    PRODUCT STREAMS CO2E          1624.49      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        15.0000      
   PRESSURE DROP                        BAR                       0.0         
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    15.000     
   OUTLET PRESSURE       BAR                                  1.3172     
   HEAT DUTY             CAL/SEC                            -0.29953E+07 
   OUTLET VAPOR FRACTION                                     0.44759     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
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      ETHAN-01         0.81620E-01    0.14246        0.65368E-02    0.45887E-01 
      OXYGE-01         0.21777        0.62673E-04    0.48646         7762.0     
      CARBO-01         0.19589E-01    0.15770E-03    0.43571E-01     276.28     
      WATER            0.36044        0.64408        0.10385E-01    0.16124E-01 
      ETHYL-01         0.31016        0.19894        0.44742         2.2490     
      ACETA-01         0.65296E-02    0.75297E-02    0.52952E-02    0.70325     
      METHA-01         0.38917E-02    0.67786E-02    0.32868E-03    0.48488E-01 
 
 BLOCK:  E-204    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          14       
   OUTLET STREAM:         15       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            6994.06         6994.06         0.00000     
       MASS(KG/HR   )            126000.         126000.         0.00000     
       ENTHALPY(CAL/SEC )      -0.132370E+09   -0.133303E+09    0.700022E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                         5.00000     
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    5.0000     
   OUTLET PRESSURE       BAR                                  1.0132     
   HEAT DUTY             CAL/SEC                            -0.93315E+06 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      WATER             1.0000         1.0000         1.0000        0.86018E-02 
 
 BLOCK:  E-210    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          25       
   OUTLET STREAM:         26       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            8422.82         8422.82         0.00000     
       MASS(KG/HR   )            171584.         171584.         0.00000     
589
       ENTHALPY(CAL/SEC )      -0.151650E+09   -0.147729E+09   -0.258513E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             18.4011      KG/HR            
    PRODUCT STREAMS CO2E          18.4011      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        98.0000      
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    98.000     
   OUTLET PRESSURE       BAR                                  4.6610     
   HEAT DUTY             CAL/SEC                             0.39203E+07 
   OUTLET VAPOR FRACTION                                     0.29597E-01 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.18260E-01    0.17880E-01    0.30699E-01     1.7169     
      OXYGE-01         0.19131E-04    0.55177E-07    0.64459E-03     11682.     
      CARBO-01         0.49640E-04    0.18364E-05    0.16170E-02     880.52     
      WATER            0.91052        0.93247        0.19066        0.20447     
      ETHYL-01         0.68822E-01    0.47382E-01    0.77180         16.289     
      ACETA-01         0.14608E-02    0.13982E-02    0.35113E-02     2.5113     
      METHA-01         0.87065E-03    0.86456E-03    0.10702E-02     1.2378     
 
 BLOCK:  E-301    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          27       
   OUTLET STREAM:         33       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            7813.31         7813.31         0.00000     
       MASS(KG/HR   )            145084.         145084.        0.200600E-15 
       ENTHALPY(CAL/SEC )      -0.142803E+09   -0.144657E+09    0.128204E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                       104.444       
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
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   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    104.44     
   OUTLET PRESSURE       BAR                                  4.0530     
   HEAT DUTY             CAL/SEC                            -0.18546E+07 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.18130E-01    0.18130E-01    0.16503         3.1773     
      WATER            0.97975        0.97975        0.82104        0.29250     
      ETHYL-01         0.28009E-05    0.28009E-05    0.20745E-03     25.852     
      ACETA-01         0.12595E-02    0.12595E-02    0.86461E-02     2.3960     
      METHA-01         0.86132E-03    0.86132E-03    0.50713E-02     2.0551     
 
 BLOCK:  E-304    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          36       
   OUTLET STREAM:         37       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            181.121         181.121         0.00000     
       MASS(KG/HR   )            7500.00         7500.00         0.00000     
       ENTHALPY(CAL/SEC )      -0.321481E+07   -0.267761E+07   -0.167102     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                       148.889       
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    148.89     
   OUTLET PRESSURE       BAR                                  5.1909     
   HEAT DUTY             CAL/SEC                             0.53720E+06 
   OUTLET VAPOR FRACTION                                      1.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.76495        0.71547        0.76495         2.0308     
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      WATER            0.14382        0.21425        0.14382         1.2695     
      ETHYL-01         0.12083E-03    0.33088E-04    0.12083E-03     6.9251     
      ACETA-01         0.54333E-01    0.37475E-01    0.54333E-01     2.7386     
      METHA-01         0.36782E-01    0.32770E-01    0.36782E-01     2.1258     
 
 BLOCK:  E-310-A  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          47       
   OUTLET STREAM:         50       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            7654.53         7654.53         0.00000     
       MASS(KG/HR   )            138029.         138029.         0.00000     
       ENTHALPY(CAL/SEC )      -0.141797E+09   -0.144229E+09    0.168640E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        48.8889      
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    48.889     
   OUTLET PRESSURE       BAR                                  1.9252     
   HEAT DUTY             CAL/SEC                            -0.24323E+07 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.58676E-03    0.58676E-03    0.72134E-02    0.75307     
      WATER            0.99938        0.99938        0.99040        0.60706E-01 
      ETHYL-01         0.28590E-07    0.28590E-07    0.68521E-05     14.681     
      ACETA-01         0.12864E-04    0.12864E-04    0.22278E-02     10.608     
      METHA-01         0.17562E-04    0.17562E-04    0.15281E-03    0.53300     
 
 BLOCK:  E-310-B  MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          50       
   OUTLET STREAM:         55       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            7654.53         7654.53         0.00000     
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       MASS(KG/HR   )            138029.         138029.         0.00000     
       ENTHALPY(CAL/SEC )      -0.144229E+09   -0.145910E+09    0.115209E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                         4.44444     
   PRESSURE DROP                        BAR                       0.0         
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    4.4444     
   OUTLET PRESSURE       BAR                                  1.9252     
   HEAT DUTY             CAL/SEC                            -0.16810E+07 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.58676E-03    0.58676E-03    0.59063E-02    0.44183E-01 
      WATER            0.99938        0.99938        0.99145        0.43545E-02 
      ETHYL-01         0.28590E-07    0.28590E-07    0.18998E-04     2.9166     
      ACETA-01         0.12864E-04    0.12864E-04    0.24528E-02    0.83690     
      METHA-01         0.17562E-04    0.17562E-04    0.16812E-03    0.42019E-01 
 
 BLOCK:  E-504    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          66       
   OUTLET STREAM:         73       
   OUTLET HEAT STREAM:    Q-614    
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            2666.93         2666.93         0.00000     
       MASS(KG/HR   )            48493.0         48493.0        0.150041E-15 
       ENTHALPY(CAL/SEC )      -0.424123E+08   -0.424123E+08     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             18.3907      KG/HR            
    PRODUCT STREAMS CO2E          18.3907      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        32.2222      
   PRESSURE DROP                        BAR                       0.0         
   MAXIMUM NO. ITERATIONS                                        30 
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   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    32.222     
   OUTLET PRESSURE       BAR                                 0.64341     
   HEAT DUTY             CAL/SEC                            -0.80760E+07 
   OUTLET VAPOR FRACTION                                     0.96021E-04 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.34953E-02    0.34953E-02    0.30118E-02    0.86168     
      OXYGE-01         0.60418E-04    0.74616E-05    0.55152         73914.     
      CARBO-01         0.15669E-03    0.12226E-03    0.35863         2933.2     
      WATER            0.99438        0.99446        0.74517E-01    0.74932E-01 
      ACETA-01         0.83380E-03    0.83271E-03    0.12214E-01     14.668     
      ETHYL-02         0.91792E-03    0.91801E-03    0.24940E-06    0.27168E-03 
      DIETH-01         0.50570E-05    0.50575E-05    0.18282E-10    0.36149E-05 
      TRIET-01         0.35130E-06    0.35133E-06    0.15989E-11    0.45511E-05 
      METHA-01         0.15511E-03    0.15512E-03    0.10444E-03    0.67326     
 
 BLOCK:  E-505    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          68       
   OUTLET STREAM:         74       
   OUTLET HEAT STREAM:    Q-615    
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            3051.44         3051.44         0.00000     
       MASS(KG/HR   )            55217.6         55217.6        0.263538E-15 
       ENTHALPY(CAL/SEC )      -0.485959E+08   -0.485959E+08   -0.153317E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.103337E-01  KG/HR            
    PRODUCT STREAMS CO2E         0.103337E-01  KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        32.2222      
   PRESSURE DROP                        BAR                       0.0         
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    32.222     
   OUTLET PRESSURE       BAR                                 0.48636     
   HEAT DUTY             CAL/SEC                            -0.91981E+07 
   OUTLET VAPOR FRACTION                                      0.0000     
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    V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.78283E-03    0.78283E-03    0.89348E-02     1.1625     
      OXYGE-01         0.20247E-08    0.20247E-08    0.19894E-02    0.10008E+06 
      CARBO-01         0.76948E-07    0.76948E-07    0.29912E-02     3959.5     
      WATER            0.99784        0.99784        0.97104        0.99122E-01 
      ACETA-01         0.74913E-04    0.74913E-04    0.14599E-01     19.849     
      ETHYL-02         0.12508E-02    0.12508E-02    0.44981E-05    0.36628E-03 
      DIETH-01         0.62074E-05    0.62074E-05    0.31762E-09    0.52118E-05 
      TRIET-01         0.30417E-06    0.30417E-06    0.18713E-10    0.62662E-05 
      METHA-01         0.49340E-04    0.49340E-04    0.43778E-03    0.90373     
 
 BLOCK:  E-506    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          70       
   OUTLET STREAM:         75       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            3388.36         3388.36         0.00000     
       MASS(KG/HR   )            61470.8         61470.8         0.00000     
       ENTHALPY(CAL/SEC )      -0.540606E+08   -0.642370E+08    0.158420     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.302645E-05  KG/HR            
    PRODUCT STREAMS CO2E         0.302645E-05  KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        32.2222      
   PRESSURE DROP                        BAR                       0.0         
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    32.222     
   OUTLET PRESSURE       BAR                                 0.33944     
   HEAT DUTY             CAL/SEC                            -0.10176E+08 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.11876E-03    0.11876E-03    0.13891E-02     1.6598     
      OXYGE-01         0.33556E-13    0.33556E-13    0.34002E-07    0.14380E+06 
      CARBO-01         0.20295E-10    0.20295E-10    0.81130E-06     5672.8     
      WATER            0.99709        0.99709        0.99789        0.14202     
      ACETA-01         0.30930E-05    0.30930E-05    0.61767E-03     28.339     
      ETHYL-02         0.27634E-02    0.27634E-02    0.10273E-04    0.52754E-03 
      DIETH-01         0.13161E-04    0.13161E-04    0.71370E-09    0.76955E-05 
      TRIET-01         0.20951E-06    0.20951E-06    0.13224E-10    0.89572E-05 
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      METHA-01         0.10550E-04    0.10550E-04    0.96164E-04     1.2935     
 
 BLOCK:  E-511    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          71       
   OUTLET STREAM:         72       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            2863.13         2863.13         0.00000     
       MASS(KG/HR   )            76421.1         76421.1         0.00000     
       ENTHALPY(CAL/SEC )      -0.599092E+08   -0.500592E+08   -0.164416     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.366827E-09  KG/HR            
    PRODUCT STREAMS CO2E         0.366827E-09  KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                       200.000       
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    200.00     
   OUTLET PRESSURE       BAR                                  1.3172     
   HEAT DUTY             CAL/SEC                             0.98500E+07 
   OUTLET VAPOR FRACTION                                      1.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.11406E-04    0.11733E-05    0.11406E-04     23.886     
      CARBO-01         0.29112E-14    0.21577E-17    0.29112E-14     3315.1     
      WATER            0.81520        0.16945        0.81520         11.822     
      ACETA-01         0.67212E-07    0.25659E-07    0.67212E-07     6.4423     
      ETHYL-02         0.17466        0.54038        0.17466        0.79419     
      DIETH-01         0.80895E-02    0.15128        0.80895E-02    0.13139     
      TRIET-01         0.20328E-02    0.13889        0.20328E-02    0.35990E-01 
      METHA-01         0.12522E-05    0.17465E-06    0.12522E-05     17.617     
 
 BLOCK:  E-603    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          87       
   OUTLET STREAM:         88       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            449.725         449.725         0.00000     
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       MASS(KG/HR   )            27925.0         27925.0         0.00000     
       ENTHALPY(CAL/SEC )      -0.128306E+08   -0.136503E+08    0.600516E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        32.2222      
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    32.222     
   OUTLET PRESSURE       BAR                                  1.0132     
   HEAT DUTY             CAL/SEC                            -0.81972E+06 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.24684E-12    0.24684E-12    0.11297E-09    0.10117     
      WATER            0.13359E-04    0.13359E-04    0.25097E-02    0.41528E-01 
      ETHYL-02         0.99940        0.99940        0.98632        0.21816E-03 
      DIETH-01         0.58259E-03    0.58259E-03    0.11167E-01    0.42372E-02 
      TRIET-01         0.55515E-11    0.55515E-11    0.47960E-14    0.19096E-06 
      METHA-01         0.26033E-12    0.26033E-12    0.12516E-09    0.10627     
 
 BLOCK:  E-604    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          86       
   OUTLET STREAM:         89       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            44.4478         44.4478         0.00000     
       MASS(KG/HR   )            4271.07         4271.07         0.00000     
       ENTHALPY(CAL/SEC )      -0.158872E+07   -0.176330E+07    0.990067E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        32.2222      
   PRESSURE DROP                        BAR                       0.30398     
   MAXIMUM NO. ITERATIONS                                        30 
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   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    32.222     
   OUTLET PRESSURE       BAR                                  1.0132     
   HEAT DUTY             CAL/SEC                            -0.17458E+06 
   OUTLET VAPOR FRACTION                                      0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHYL-02         0.35862        0.35862        0.91661        0.92386E-04 
      DIETH-01         0.51044        0.51044        0.83083E-01    0.58834E-05 
      TRIET-01         0.13094        0.13094        0.30932E-03    0.85387E-07 
 
 BLOCK:  ETH-SPLT MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          39       
   OUTLET STREAMS:        41          40       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            158.772         158.772         0.00000     
       MASS(KG/HR   )            7055.00         7055.00         0.00000     
       ENTHALPY(CAL/SEC )      -0.232706E+07   -0.232706E+07     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
  PRESSURE DROP   BAR                                      0.30398     
 
  REMAINING FRACTION               STRM=41       FRAC=         0.030000    
 
                           ***  RESULTS  *** 
 
  STREAM= 41             SPLIT=          0.030000    KEY=  0    STREAM-ORDER=   1 
          40                             0.97000           0                    2 
 
 BLOCK:  F-501    MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          64       
   OUTLET VAPOR STREAM:   66       
   OUTLET LIQUID STREAM:  65       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            11969.9         11969.9       -0.303928E-15 
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       MASS(KG/HR   )            241602.         241602.       -0.240923E-15 
       ENTHALPY(CAL/SEC )      -0.226653E+09   -0.222253E+09   -0.194130E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             18.4011      KG/HR            
    PRODUCT STREAMS CO2E          18.4011      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   SPECIFIED PRESSURE    BAR                                 0.64341     
   SPECIFIED HEAT DUTY   CAL/SEC                     4,400,000.          
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    89.208     
   OUTLET PRESSURE       BAR                                 0.64341     
   VAPOR FRACTION                                            0.22280     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.10147E-02    0.30354E-03    0.34953E-02     11.515     
      OXYGE-01         0.13462E-04    0.66412E-09    0.60418E-04     90975.     
      CARBO-01         0.34930E-04    0.25247E-07    0.15669E-03     6206.2     
      WATER            0.95317        0.94136        0.99438         1.0563     
      ACETA-01         0.20576E-03    0.25719E-04    0.83380E-03     32.419     
      ETHYL-02         0.43084E-01    0.55172E-01    0.91792E-03    0.16637E-01 
      DIETH-01         0.19414E-02    0.24965E-02    0.50570E-05    0.20256E-02 
      TRIET-01         0.48644E-03    0.62579E-03    0.35130E-06    0.56136E-03 
      METHA-01         0.50424E-04    0.20412E-04    0.15511E-03     7.5992     
 
 BLOCK:  F-502    MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          65       
   INLET HEAT STREAM:     Q-614    
   OUTLET VAPOR STREAM:   68       
   OUTLET LIQUID STREAM:  67       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            9302.93         9302.93         0.00000     
       MASS(KG/HR   )            193109.         193109.         0.00000     
       ENTHALPY(CAL/SEC )      -0.171765E+09   -0.171765E+09   -0.175918E-09 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.103367E-01  KG/HR            
    PRODUCT STREAMS CO2E         0.103367E-01  KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   SPECIFIED PRESSURE    BAR                                 0.48636     
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   DUTY FROM INLET HEAT STREAM(S)  CAL/SEC           8,075,960.          
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    82.894     
   OUTLET PRESSURE       BAR                                 0.48636     
   VAPOR FRACTION                                            0.32801     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.30354E-03    0.69595E-04    0.78283E-03     11.248     
      OXYGE-01         0.66412E-09    0.18188E-13    0.20247E-08    0.11132E+06 
      CARBO-01         0.25247E-07    0.11002E-10    0.76948E-07     6994.3     
      WATER            0.94136        0.91379        0.99784         1.0920     
      ACETA-01         0.25719E-04    0.17072E-05    0.74913E-04     43.880     
      ETHYL-02         0.55172E-01    0.81492E-01    0.12508E-02    0.15349E-01 
      DIETH-01         0.24965E-02    0.37121E-02    0.62074E-05    0.16722E-02 
      TRIET-01         0.62579E-03    0.93110E-03    0.30417E-06    0.32668E-03 
      METHA-01         0.20412E-04    0.62917E-05    0.49340E-04     7.8421     
 
 BLOCK:  F-503    MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          67       
   INLET HEAT STREAM:     Q-615    
   OUTLET VAPOR STREAM:   70       
   OUTLET LIQUID STREAM:  69       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            6251.49         6251.49         0.00000     
       MASS(KG/HR   )            137892.         137892.         0.00000     
       ENTHALPY(CAL/SEC )      -0.113971E+09   -0.113971E+09    0.158102E-09 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.302682E-05  KG/HR            
    PRODUCT STREAMS CO2E         0.302682E-05  KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   SPECIFIED PRESSURE    BAR                                 0.33944     
   DUTY FROM INLET HEAT STREAM(S)  CAL/SEC           9,198,090.          
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    76.929     
   OUTLET PRESSURE       BAR                                 0.33944     
   VAPOR FRACTION                                            0.54201     
 
 
 
   V-L PHASE EQUILIBRIUM :  
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      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.69595E-04    0.11406E-04    0.11876E-03     10.412     
      OXYGE-01         0.18188E-13    0.26340E-18    0.33556E-13    0.12740E+06 
      CARBO-01         0.11002E-10    0.29112E-14    0.20295E-10     6971.5     
      WATER            0.91379        0.81520        0.99709         1.2231     
      ACETA-01         0.17072E-05    0.67212E-07    0.30930E-05     46.019     
      ETHYL-02         0.81492E-01    0.17466        0.27634E-02    0.15821E-01 
      DIETH-01         0.37121E-02    0.80895E-02    0.13161E-04    0.16269E-02 
      TRIET-01         0.93110E-03    0.20328E-02    0.20951E-06    0.10307E-03 
      METHA-01         0.62917E-05    0.12522E-05    0.10550E-04     8.4254     
 
 BLOCK:  GAS-SPLT MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          30       
   OUTLET STREAMS:        31          32       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            455.580         455.580         0.00000     
       MASS(KG/HR   )            15016.0         15016.0        0.121137E-15 
       ENTHALPY(CAL/SEC )       -990283.        -990283.       -0.117558E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             1606.08      KG/HR            
    PRODUCT STREAMS CO2E          1606.08      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
  PRESSURE DROP   BAR                                      0.30398     
 
  REMAINING FRACTION               STRM=32       FRAC=         0.0100000   
 
                           ***  RESULTS  *** 
 
  STREAM= 31             SPLIT=          0.99000     KEY=  0    STREAM-ORDER=   2 
          32                             0.0100000         0                    1 
 
 BLOCK:  GR-MIX   MODEL: MIXER            
 ----------------------------- 
   INLET STREAM:          18       
   OUTLET STREAM:         30       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            455.580         455.580         0.00000     
       MASS(KG/HR   )            15016.0         15016.0         0.00000     
       ENTHALPY(CAL/SEC )       -990283.        -990283.         0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             1606.08      KG/HR            
    PRODUCT STREAMS CO2E          1606.08      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
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                           ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   PRESSURE DROP   BAR                                      0.30398     
 
 BLOCK:  MIX1     MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         3           5        
   OUTLET STREAM:         8        
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            1567.51         1567.51         0.00000     
       MASS(KG/HR   )            60600.0         60600.0       -0.240131E-15 
       ENTHALPY(CAL/SEC )      -0.121974E+08   -0.121974E+08     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   PRESSURE DROP   BAR                                      0.30398     
 
 BLOCK:  MIX4     MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         59          61       
   OUTLET STREAM:         62       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            12549.5         12549.5         0.00000     
       MASS(KG/HR   )            241602.         241602.       -0.361385E-15 
       ENTHALPY(CAL/SEC )      -0.229854E+09   -0.229854E+09    0.195783E-13 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             18.4011      KG/HR            
    PRODUCT STREAMS CO2E          18.4011      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   PRESSURE DROP   BAR                                      0.30398     
 
 BLOCK:  MIXER7   MODEL: MIXER            
 ----------------------------- 
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   INLET STREAMS:         77          78          79          80       
   OUTLET STREAM:         81       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            11475.7         11475.7         0.00000     
       MASS(KG/HR   )            209406.         209406.        0.138983E-15 
       ENTHALPY(CAL/SEC )      -0.216890E+09   -0.216890E+09   -0.471997E-10 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             18.4011      KG/HR            
    PRODUCT STREAMS CO2E          18.4011      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   PRESSURE DROP   BAR                                      0.30398     
 
 BLOCK:  P-101    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          1        
   OUTLET STREAM:         2        
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            803.421         803.421         0.00000     
       MASS(KG/HR   )            36150.0         36150.0         0.00000     
       ENTHALPY(CAL/SEC )      -0.147908E+08   -0.147905E+08   -0.230772E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    1.92518     
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                           752.213       
    PRESSURE CHANGE  BAR                                    0.91192     
    NPSH AVAILABLE   M-KGF/KG                              11.8803      
    FLUID POWER  KW                                         1.14327     
    BRAKE POWER  KW                                         1.42909     
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    ELECTRICITY  KW                                         1.50430     
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                   1.50430     
    HEAD DEVELOPED M-KGF/KG                                11.6097      
 
 BLOCK:  P-203    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          13       
   OUTLET STREAM:         14       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            6994.06         6994.06         0.00000     
       MASS(KG/HR   )            126000.         126000.         0.00000     
       ENTHALPY(CAL/SEC )      -0.132370E+09   -0.132370E+09   -0.243133E-05 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    1.31723     
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                         2,127.74        
    PRESSURE CHANGE  BAR                                    0.30398     
    NPSH AVAILABLE   M-KGF/KG                               9.97067     
    FLUID POWER  KW                                         1.07797     
    BRAKE POWER  KW                                         1.34746     
    ELECTRICITY  KW                                         1.41838     
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                   1.41838     
    HEAD DEVELOPED M-KGF/KG                                 3.14063     
 
 BLOCK:  P-208    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          16       
   OUTLET STREAM:         25       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            8422.82         8422.82         0.00000     
       MASS(KG/HR   )            171584.         171584.         0.00000     
       ENTHALPY(CAL/SEC )      -0.151655E+09   -0.151650E+09   -0.351389E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
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    FEED STREAMS CO2E             18.4011      KG/HR            
    PRODUCT STREAMS CO2E          18.4011      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    4.96493     
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                         2,935.96        
    PRESSURE CHANGE  BAR                                    3.64770     
    NPSH AVAILABLE   M-KGF/KG                               0.0         
    FLUID POWER  KW                                        17.8492      
    BRAKE POWER  KW                                        22.3115      
    ELECTRICITY  KW                                        23.4857      
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                  23.4857      
    HEAD DEVELOPED M-KGF/KG                                38.1876      
 
 BLOCK:  P-303    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          35       
   OUTLET STREAM:         36       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            181.121         181.121         0.00000     
       MASS(KG/HR   )            7500.00         7500.00         0.00000     
       ENTHALPY(CAL/SEC )      -0.321518E+07   -0.321481E+07   -0.115540E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    5.49484     
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                           166.583       
    PRESSURE CHANGE  BAR                                    4.48159     
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    NPSH AVAILABLE   M-KGF/KG                               0.0         
    FLUID POWER  KW                                         1.24426     
    BRAKE POWER  KW                                         1.55532     
    ELECTRICITY  KW                                         1.63718     
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                   1.63718     
    HEAD DEVELOPED M-KGF/KG                                60.9020      
 
 BLOCK:  P-307    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          42       
   OUTLET STREAM:         47       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            7654.53         7654.53         0.00000     
       MASS(KG/HR   )            138029.         138029.         0.00000     
       ENTHALPY(CAL/SEC )      -0.141838E+09   -0.141797E+09   -0.291637E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    2.22915     
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                        68,369.3         
    PRESSURE CHANGE  BAR                                    1.21590     
    NPSH AVAILABLE   M-KGF/KG                              -0.012554    
    FLUID POWER  KW                                       138.550       
    BRAKE POWER  KW                                       173.188       
    ELECTRICITY  KW                                       182.303       
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                 182.303       
    HEAD DEVELOPED M-KGF/KG                               368.485       
    NEGATIVE NPSH MAY BE DUE TO VAPOR IN THE FEED OR UNACCOUNTED SUCTION HEAD. 
 
 BLOCK:  P-401    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          28       
   OUTLET STREAM:         59       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            609.515         609.515         0.00000     
       MASS(KG/HR   )            26500.0         26500.0         0.00000     
606
       ENTHALPY(CAL/SEC )      -0.347088E+07   -0.346904E+07   -0.528317E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             18.4011      KG/HR            
    PRODUCT STREAMS CO2E          18.4011      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                   11.1458      
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                           519.568       
    PRESSURE CHANGE  BAR                                    7.09275     
    NPSH AVAILABLE   M-KGF/KG                               0.0         
    FLUID POWER  KW                                         6.14194     
    BRAKE POWER  KW                                         7.67743     
    ELECTRICITY  KW                                         8.08150     
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                   8.08150     
    HEAD DEVELOPED M-KGF/KG                                85.0828      
 
 BLOCK:  P-402    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          60       
   OUTLET STREAM:         61       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            11940.0         11940.0         0.00000     
       MASS(KG/HR   )            215102.         215102.         0.00000     
       ENTHALPY(CAL/SEC )      -0.226403E+09   -0.226385E+09   -0.803226E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                   11.1458      
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
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    VOLUMETRIC FLOW RATE  L/MIN                         3,606.84        
    PRESSURE CHANGE  BAR                                   10.1325      
    NPSH AVAILABLE   M-KGF/KG                              10.0698      
    FLUID POWER  KW                                        60.9105      
    BRAKE POWER  KW                                        76.1381      
    ELECTRICITY  KW                                        80.1453      
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                  80.1453      
    HEAD DEVELOPED M-KGF/KG                               103.951       
 
 BLOCK:  P-507    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          73       
   OUTLET STREAM:         77       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            2666.93         2666.93         0.00000     
       MASS(KG/HR   )            48493.0         48493.0         0.00000     
       ENTHALPY(CAL/SEC )      -0.504882E+08   -0.504828E+08   -0.108301E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             18.3907      KG/HR            
    PRODUCT STREAMS CO2E          18.3907      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                   11.7537      
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                           989.054       
    PRESSURE CHANGE  BAR                                   11.1103      
    NPSH AVAILABLE   M-KGF/KG                             -26.7511      
    FLUID POWER  KW                                        18.3145      
    BRAKE POWER  KW                                        22.8931      
    ELECTRICITY  KW                                        24.0980      
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                  24.0980      
    HEAD DEVELOPED M-KGF/KG                               138.643       
    NEGATIVE NPSH MAY BE DUE TO VAPOR IN THE FEED OR UNACCOUNTED SUCTION HEAD. 
 
 BLOCK:  P-508    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          74       
   OUTLET STREAM:         78       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
608
       MOLE(KMOL/HR )            3051.44         3051.44         0.00000     
       MASS(KG/HR   )            55217.6         55217.6         0.00000     
       ENTHALPY(CAL/SEC )      -0.577940E+08   -0.577888E+08   -0.904626E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.103337E-01  KG/HR            
    PRODUCT STREAMS CO2E         0.103337E-01  KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                   11.7537      
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                           932.511       
    PRESSURE CHANGE  BAR                                   11.2673      
    NPSH AVAILABLE   M-KGF/KG                               4.51347     
    FLUID POWER  KW                                        17.5115      
    BRAKE POWER  KW                                        21.8894      
    ELECTRICITY  KW                                        23.0415      
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                  23.0415      
    HEAD DEVELOPED M-KGF/KG                               116.420       
 
 BLOCK:  P-509    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          75       
   OUTLET STREAM:         79       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            3388.36         3388.36         0.00000     
       MASS(KG/HR   )            61470.8         61470.8         0.00000     
       ENTHALPY(CAL/SEC )      -0.642370E+08   -0.642311E+08   -0.916919E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.302645E-05  KG/HR            
    PRODUCT STREAMS CO2E         0.302645E-05  KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                   11.7537      
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
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                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                         1,037.03        
    PRESSURE CHANGE  BAR                                   11.4143      
    NPSH AVAILABLE   M-KGF/KG                               3.00641     
    FLUID POWER  KW                                        19.7282      
    BRAKE POWER  KW                                        24.6603      
    ELECTRICITY  KW                                        25.9582      
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                  25.9582      
    HEAD DEVELOPED M-KGF/KG                               117.815       
 
 BLOCK:  P-510    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          69       
   OUTLET STREAM:         71       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            2863.13         2863.13         0.00000     
       MASS(KG/HR   )            76421.1         76421.1         0.00000     
       ENTHALPY(CAL/SEC )      -0.599100E+08   -0.599092E+08   -0.136201E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.366827E-09  KG/HR            
    PRODUCT STREAMS CO2E         0.366827E-09  KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    1.62120     
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                         1,279.37        
    PRESSURE CHANGE  BAR                                    1.28176     
    NPSH AVAILABLE   M-KGF/KG                               0.0         
    FLUID POWER  KW                                         2.73308     
    BRAKE POWER  KW                                         3.41635     
    ELECTRICITY  KW                                         3.59616     
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                   3.59616     
    HEAD DEVELOPED M-KGF/KG                                13.1287      
 
 BLOCK:  P-602    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          85       
   OUTLET STREAM:         87       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
610
       MOLE(KMOL/HR )            449.725         449.725         0.00000     
       MASS(KG/HR   )            27925.0         27925.0       -0.130277E-15 
       ENTHALPY(CAL/SEC )      -0.128307E+08   -0.128306E+08   -0.814402E-05 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    1.31723     
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                           490.776       
    PRESSURE CHANGE  BAR                                    0.30398     
    NPSH AVAILABLE   M-KGF/KG                               0.0         
    FLUID POWER  KW                                         0.24864     
    BRAKE POWER  KW                                         0.43749     
    ELECTRICITY  KW                                         0.43749     
    PUMP EFFICIENCY USED                                    0.56833     
    NET WORK REQUIRED  KW                                   0.43749     
    HEAD DEVELOPED M-KGF/KG                                 3.26858     
 
 BLOCK:  P-613    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          76       
   OUTLET STREAM:         80       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            2368.96         2368.96         0.00000     
       MASS(KG/HR   )            44225.0         44225.0       -0.164521E-15 
       ENTHALPY(CAL/SEC )      -0.443919E+08   -0.443876E+08   -0.961563E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.366827E-09  KG/HR            
    PRODUCT STREAMS CO2E         0.366827E-09  KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                   11.7537      
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       0.95000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
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                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                           798.698       
    PRESSURE CHANGE  BAR                                   10.7405      
    NPSH AVAILABLE   M-KGF/KG                               0.0         
    FLUID POWER  KW                                        14.2973      
    BRAKE POWER  KW                                        17.8716      
    ELECTRICITY  KW                                        18.8122      
    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  KW                                  18.8122      
    HEAD DEVELOPED M-KGF/KG                               118.677       
 
 BLOCK:  PRGE-MIX MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         56          32          41       
   OUTLET STREAM:         58       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            392.046         392.046         0.00000     
       MASS(KG/HR   )            7263.26         7263.26        0.375655E-15 
       ENTHALPY(CAL/SEC )      -0.737523E+07   -0.737523E+07   -0.505108E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             16.0608      KG/HR            
    PRODUCT STREAMS CO2E          16.0608      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   PRESSURE DROP   BAR                                      0.30398     
 
 BLOCK:  R-105    MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          8        
   OUTLET STREAM:         9        
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(KMOL/HR )         1567.51       1884.34       316.827       0.00000     
   MASS(KG/HR   )         60600.0       60600.0                     0.00000     
   ENTHALPY(CAL/SEC )   -0.121974E+08 -0.155411E+08                0.215153     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          1624.49      KG/HR            
    NET STREAMS CO2E PRODUCTION   1624.49      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         1624.49      KG/HR            
 
                          ***  INPUT DATA  *** 
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
612
     SUBSTREAM MIXED   : 
     ETHAN-01  -1.00    OXYGE-01 -0.500    WATER      1.00    ETHYL-01   1.00     
 
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     ETHAN-01  -1.00    OXYGE-01 -0.500    WATER      1.00    ACETA-01   1.00     
 
    REACTION #   3: 
     SUBSTREAM MIXED   : 
     ETHAN-01  -1.00    OXYGE-01  -3.00    CARBO-01   2.00    WATER      3.00     
 
 
   REACTION CONVERSION SPECS: NUMBER=    3 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:ETHAN-01 CONV FRAC: 0.7600     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:ETHAN-01 CONV FRAC: 0.1600E-01 
     REACTION #   3: 
     SUBSTREAM:MIXED    KEY COMP:ETHAN-01 CONV FRAC: 0.2400E-01 
 
 
 
 
   ONE    PHASE  TP  FLASH   SPECIFIED PHASE IS  VAPOR   
   SPECIFIED TEMPERATURE C                                 200.000       
   SPECIFIED PRESSURE    BAR                                 1.01325     
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    200.00     
   OUTLET PRESSURE       BAR                                  1.0132     
   HEAT DUTY             CAL/SEC                            -0.33437E+07 
 
 
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        KMOL/HR          
      1                  584.44     
      2                  12.304     
      3                  18.456     
 
 BLOCK:  R-403    MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          62       
   OUTLET STREAM:         63       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(KMOL/HR )         12549.5       11971.6      -577.915       0.00000     
   MASS(KG/HR   )         241602.       241602.                    0.602308E-15 
   ENTHALPY(CAL/SEC )   -0.229854E+09 -0.225124E+09               -0.205795E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             18.4011      KG/HR            
613
    PRODUCT STREAMS CO2E          18.4011      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     WATER     -1.00    ETHYL-01  -1.00    ETHYL-02   1.00     
 
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     ETHYL-01  -1.00    ETHYL-02  -1.00    DIETH-01   1.00     
 
    REACTION #   3: 
     SUBSTREAM MIXED   : 
     ETHYL-01  -1.00    DIETH-01  -1.00    TRIET-01   1.00     
 
 
   REACTION CONVERSION SPECS: NUMBER=    3 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:ETHYL-01 CONV FRAC: 0.9372     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:ETHYL-01 CONV FRAC: 0.4985E-01 
     REACTION #   3: 
     SUBSTREAM:MIXED    KEY COMP:ETHYL-01 CONV FRAC: 0.9970E-02 
 
 
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE C                                 150.000       
   SPECIFIED PRESSURE    BAR                                10.1325      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    150.00     
   OUTLET PRESSURE       BAR                                  10.133     
   HEAT DUTY             CAL/SEC                             0.47303E+07 
   VAPOR FRACTION                                             0.0000     
 
 
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        KMOL/HR          
      1                  543.24     
      2                  28.896     
      3                  5.7792     
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.10145E-02    0.10145E-02    0.75946E-02     4.2248     
      OXYGE-01         0.13460E-04    0.13460E-04    0.15718         6590.3     
      CARBO-01         0.34925E-04    0.34925E-04    0.36256E-01     585.87     
614
      WATER            0.95316        0.95316        0.79186        0.46887     
      ETHYL-01         0.14526E-03    0.14526E-03    0.53509E-02     20.790     
      ACETA-01         0.20573E-03    0.20573E-03    0.45622E-06    0.12515E-02 
      ETHYL-02         0.42964E-01    0.42964E-01    0.14890E-02    0.19560E-01 
      DIETH-01         0.19310E-02    0.19310E-02    0.22771E-04    0.66553E-02 
      TRIET-01         0.48274E-03    0.48274E-03    0.17146E-05    0.20046E-02 
      METHA-01         0.50417E-04    0.50417E-04    0.24486E-03     2.7409     
 
 BLOCK:  R-404    MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          63       
   OUTLET STREAM:         64       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(KMOL/HR )         11971.6       11969.9      -1.73896       0.00000     
   MASS(KG/HR   )         241602.       241602.                   -0.361385E-15 
   ENTHALPY(CAL/SEC )   -0.225124E+09 -0.226653E+09                0.674706E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             18.4011      KG/HR            
    PRODUCT STREAMS CO2E          18.4011      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     WATER     -1.00    ETHYL-01  -1.00    ETHYL-02   1.00     
 
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     ETHYL-01  -1.00    ETHYL-02  -1.00    DIETH-01   1.00     
 
    REACTION #   3: 
     SUBSTREAM MIXED   : 
     ETHYL-01  -1.00    DIETH-01  -1.00    TRIET-01   1.00     
 
 
   REACTION CONVERSION SPECS: NUMBER=    3 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:ETHYL-01 CONV FRAC: 0.8800     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:ETHYL-01 CONV FRAC: 0.9500E-01 
     REACTION #   3: 
     SUBSTREAM:MIXED    KEY COMP:ETHYL-01 CONV FRAC: 0.2500E-01 
 
 
 
 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE C                                 130.000       
   SPECIFIED PRESSURE    BAR                                10.1325      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
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                            ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    130.00     
   OUTLET PRESSURE       BAR                                  10.133     
   HEAT DUTY             CAL/SEC                            -0.15292E+07 
   VAPOR FRACTION                                             0.0000     
 
 
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        KMOL/HR          
      1                  1.5303     
      2                 0.16520     
      3                 0.43474E-01 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHAN-01         0.10147E-02    0.10147E-02    0.74267E-02     2.6471     
      OXYGE-01         0.13462E-04    0.13462E-04    0.23696         6365.9     
      CARBO-01         0.34930E-04    0.34930E-04    0.52853E-01     547.22     
      WATER            0.95317        0.95317        0.70148        0.26616     
      ACETA-01         0.20576E-03    0.20576E-03    0.40080E-04    0.70446E-01 
      ETHYL-02         0.43084E-01    0.43084E-01    0.10011E-02    0.84032E-02 
      DIETH-01         0.19414E-02    0.19414E-02    0.11716E-04    0.21825E-02 
      TRIET-01         0.48644E-03    0.48644E-03    0.89188E-06    0.66309E-03 
      METHA-01         0.50424E-04    0.50424E-04    0.23183E-03     1.6627     
 
 BLOCK:  W1-MIX   MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         34          38       
   OUTLET STREAM:         42       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            7654.53         7654.53         0.00000     
       MASS(KG/HR   )            138029.         138029.       -0.210853E-15 
       ENTHALPY(CAL/SEC )      -0.141838E+09   -0.141838E+09    0.210115E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   PRESSURE DROP   BAR                                      0.30398     
 
 BLOCK:  W1-SPLIT MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          55       
   OUTLET STREAMS:        57          56       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
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   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            7654.53         7654.53         0.00000     
       MASS(KG/HR   )            138029.         138029.         0.00000     
       ENTHALPY(CAL/SEC )      -0.145910E+09   -0.145910E+09     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
  PRESSURE DROP   BAR                                      0.30398     
 
  REMAINING FRACTION               STRM=56       FRAC=         0.050000    
 
                           ***  RESULTS  *** 
 
  STREAM= 57             SPLIT=          0.95000     KEY=  0    STREAM-ORDER=   2 
          56                             0.050000          0                    1 
 
 BLOCK:  W2-MIX   MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          81       
   OUTLET STREAMS:        82          83       
   PROPERTY OPTION SET:   UNIQUAC   UNIQUAC / IDEAL GAS                          
   HENRY-COMPS ID:        GASES    
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            11475.7         11475.7         0.00000     
       MASS(KG/HR   )            209406.         209406.         0.00000     
       ENTHALPY(CAL/SEC )      -0.216890E+09   -0.216890E+09   -0.137407E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             18.4011      KG/HR            
    PRODUCT STREAMS CO2E          18.4011      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
  PRESSURE DROP   BAR                                      0.30398     
 
  REMAINING FRACTION               STRM=83       FRAC=         0.050000    
 
                           ***  RESULTS  *** 
 
  STREAM= 82             SPLIT=          0.95000     KEY=  0    STREAM-ORDER=   2 
          83                             0.050000          0                    1 
 
Section 22.5.3.3: Without CO2 Diluent – Full Aspen Simulation – Stream Report  
 
 1 10 11 12 13                            
 ------------- 
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  STREAM ID               1          10         11         12         13       
 FROM :                  ----       C-201      E-202-A    E-202-B    ----     
 TO   :                  P-101      E-202-A    E-202-B    A-205      P-203    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     VAPOR      MIXED      MIXED      LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01             768.9980   153.7996   153.7996   153.7996     0.0    
   OXYGE-01               0.0      410.3521   410.3521   410.3521     0.0    
   CARBO-01               0.0       36.9119    36.9119    36.9119     0.0    
   WATER                 27.0895   679.1998   679.1998   679.1998  6994.0628 
   ETHYL-01               0.0      584.4385   584.4385   584.4385     0.0    
   ACETA-01               0.0       12.3040    12.3040    12.3040     0.0    
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               7.3333     7.3333     7.3333     7.3333     0.0    
 TOTAL FLOW:      
   KMOL/HR              803.4208  1884.3392  1884.3392  1884.3392  6994.0628 
   KG/HR               3.6150+04  6.0600+04  6.0600+04  6.0600+04  1.2600+05 
   L/MIN                752.2128  8.3700+05  6.7769+05  2.5618+05  2127.7395 
 STATE VARIABLES: 
   TEMP   C              25.0000   246.5200    79.4440    15.0000    32.2222 
   PRES   BAR             1.0133     1.6212     1.3172     1.3172     1.0133 
   VFRAC                  0.0        1.0000     0.9695     0.4476     0.0    
   LFRAC                  1.0000     0.0     3.0459-02     0.5524     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.6275+04 -2.9112+04 -3.1352+04 -3.7074+04 -6.8134+04 
   CAL/GM             -1472.9455  -905.2345  -974.8711 -1152.8070 -3781.9979 
   CAL/SEC            -1.4791+07 -1.5238+07 -1.6410+07 -1.9406+07 -1.3237+08 
 ENTROPY:         
   CAL/MOL-K            -80.7849   -10.3014   -15.2119   -32.6795   -38.5412 
   CAL/GM-K              -1.7954    -0.3203    -0.4730    -1.0162    -2.1394 
 DENSITY:         
   MOL/CC              1.7801-02  3.7522-05  4.6342-05  1.2259-04  5.4785-02 
   GM/CC                  0.8010  1.2067-03  1.4904-03  3.9425-03     0.9870 
 AVG MW                  44.9951    32.1598    32.1598    32.1598    18.0153 
 
 14 15 16 17 18                           
 -------------- 
 
 STREAM ID               14         15         16         17         18       
 FROM :                  P-203      E-204      A-205      A-205      C-206    
 TO   :                  E-204      A-205      P-208      C-206      GR-MIX   
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     VAPOR      VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0        0.0      153.7996  3.2000-15  3.2000-15 
   OXYGE-01               0.0        0.0        0.1611   410.1909   410.1909 
   CARBO-01               0.0        0.0        0.4181    36.4938    36.4938 
   WATER               6994.0628  6994.0628  7669.1295     4.1331     4.1331 
   ETHYL-01               0.0        0.0      579.6764     4.7621     4.7621 
   ACETA-01               0.0        0.0       12.3039  6.3603-05  6.3603-05 
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               0.0        0.0        7.3333  4.9024-17  4.9024-17 
 TOTAL FLOW:      
   KMOL/HR             6994.0628  6994.0628  8422.8219   455.5800   455.5800 
   KG/HR               1.2600+05  1.2600+05  1.7158+05  1.5016+04  1.5016+04 
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   L/MIN               2127.7589  2072.9523  2935.9596  1.7379+05  1.1395+05 
 STATE VARIABLES: 
   TEMP   C              32.2315     5.0000    23.8872     5.7914    74.3275 
   PRES   BAR             1.3172     1.0133     1.3172     1.0133     1.9252 
   VFRAC                  0.0        0.0        0.0        1.0000     1.0000 
   LFRAC                  1.0000     1.0000     1.0000     0.0        0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.8134+04 -6.8614+04 -6.4819+04 -8322.4096 -7825.2331 
   CAL/GM             -3781.9887 -3808.6501 -3181.8719  -252.4997  -237.4155 
   CAL/SEC            -1.3237+08 -1.3330+08 -1.5166+08 -1.0532+06 -9.9028+05 
 ENTROPY:         
   CAL/MOL-K            -38.5407   -40.1789   -40.5079 -8.1442-02     0.2370 
   CAL/GM-K              -2.1393    -2.2303    -1.9885 -2.4709-03  7.1903-03 
 DENSITY:         
   MOL/CC              5.4784-02  5.6233-02  4.7814-02  4.3689-05  6.6637-05 
   GM/CC                  0.9870     1.0130     0.9740  1.4400-03  2.1964-03 
 AVG MW                  18.0153    18.0153    20.3713    32.9601    32.9601 
 
 2 25 26 27 28                            
 ------------- 
 
 STREAM ID               2          25         26         27         28       
 FROM :                  P-101      P-208      E-210      D-211      D-211    
 TO   :                  E-102      E-210      D-211      E-301      P-401    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     MIXED      LIQUID     LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01             768.9980   153.7996   153.7996   141.6541    12.1455 
   OXYGE-01               0.0        0.1611     0.1611  6.8890-29     0.1611 
   CARBO-01               0.0        0.4181     0.4181  4.6126-19     0.4181 
   WATER                 27.0895  7669.1295  7669.1295  7655.0602    14.0694 
   ETHYL-01               0.0      579.6764   579.6764  2.1884-02   579.6544 
   ACETA-01               0.0       12.3039    12.3039     9.8409     2.4630 
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               7.3333     7.3333     7.3333     6.7297     0.6036 
 TOTAL FLOW:      
   KMOL/HR              803.4208  8422.8219  8422.8219  7813.3069   609.5151 
   KG/HR               3.6150+04  1.7158+05  1.7158+05  1.4508+05  2.6500+04 
   L/MIN                752.2698  2936.3430  3.0515+04  2814.0514   519.5530 
 STATE VARIABLES: 
   TEMP   C              25.0525    24.0079    98.0000   141.2478    36.4118 
   PRES   BAR             1.9252     4.9649     4.6610     4.3570     4.0530 
   VFRAC                  0.0        0.0     2.9597-02     0.0        0.0    
   LFRAC                  1.0000     1.0000     0.9704     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.6274+04 -6.4817+04 -6.3141+04 -6.5797+04 -2.0500+04 
   CAL/GM             -1472.9116 -3181.7601 -3099.5074 -3543.3896  -471.5152 
   CAL/SEC            -1.4790+07 -1.5165+08 -1.4773+08 -1.4280+08 -3.4709+06 
 ENTROPY:         
   CAL/MOL-K            -80.7798   -40.5003   -35.5876   -33.0293   -51.4875 
   CAL/GM-K              -1.7953    -1.9881    -1.7469    -1.7788    -1.1842 
 DENSITY:         
   MOL/CC              1.7800-02  4.7808-02  4.6004-03  4.6276-02  1.9553-02 
   GM/CC                  0.8009     0.9739  9.3717-02     0.8593     0.8501 
 AVG MW                  44.9951    20.3713    20.3713    18.5688    43.4772 
 
 3 30 31 32 33                            
 ------------- 
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  STREAM ID               3          30         31         32         33       
 FROM :                  E-102      GR-MIX     GAS-SPLT   GAS-SPLT   E-301    
 TO   :                  MIX1       GAS-SPLT   ----       PRGE-MIX   D-302    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      VAPOR      VAPOR      LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01             768.9980  3.2000-15  3.1680-15  3.2000-17   141.6541 
   OXYGE-01               0.0      410.1909   406.0890     4.1019  6.8890-29 
   CARBO-01               0.0       36.4938    36.1289     0.3649  4.6126-19 
   WATER                 27.0895     4.1331     4.0918  4.1331-02  7655.0602 
   ETHYL-01               0.0        4.7621     4.7145  4.7621-02  2.1884-02 
   ACETA-01               0.0     6.3603-05  6.2967-05  6.3603-07     9.8409 
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               7.3333  4.9024-17  4.8534-17  4.9024-19     6.7297 
 TOTAL FLOW:      
   KMOL/HR              803.4208   455.5800   451.0242     4.5558  7813.3069 
   KG/HR               3.6150+04  1.5016+04  1.4866+04   150.1595  1.4508+05 
   L/MIN               2.5625+05  1.3531+05  1.6487+05  1665.3574  2684.9516 
 STATE VARIABLES: 
   TEMP   C             100.0000    74.3275    74.3275    74.3275   104.4444 
   PRES   BAR             1.6212     1.6212     1.3172     1.3172     4.0530 
   VFRAC                  1.0000     1.0000     1.0000     1.0000     0.0    
   LFRAC                  0.0        0.0        0.0        0.0        1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -5.4848+04 -7825.2331 -7825.2331 -7825.2331 -6.6651+04 
   CAL/GM             -1218.9787  -237.4155  -237.4155  -237.4155 -3589.4074 
   CAL/SEC            -1.2241+07 -9.9028+05 -9.8038+05 -9902.8331 -1.4466+08 
 ENTROPY:         
   CAL/MOL-K            -48.9008     0.5783     0.9906     0.9906   -35.1241 
   CAL/GM-K              -1.0868  1.7544-02  3.0054-02  3.0054-02    -1.8916 
 DENSITY:         
   MOL/CC              5.2255-05  5.6115-05  4.5594-05  4.5594-05  4.8501-02 
   GM/CC               2.3512-03  1.8496-03  1.5028-03  1.5028-03     0.9006 
 AVG MW                  44.9951    32.9601    32.9601    32.9601    18.5688 
 
 34 35 36 37 38                           
 -------------- 
 
 STREAM ID               34         35         36         37         38       
 FROM :                  D-302      D-302      P-303      E-304      D-305    
 TO   :                  W1-MIX     P-303      E-304      D-305      W1-MIX   
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     VAPOR      MIXED   
 COMPONENTS: KMOL/HR          
   ETHAN-01               3.1059   138.5482   138.5482   138.5482     1.3855 
   OXYGE-01               0.0        0.0        0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   WATER               7629.0119    26.0483    26.0483    26.0483    20.7986 
   ETHYL-01            1.1191-13  2.1884-02  2.1884-02  2.1884-02  2.1884-04 
   ACETA-01            6.2433-05     9.8409     9.8409     9.8409  9.8409-02 
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01            6.7811-02     6.6619     6.6619     6.6619  6.6619-02 
 TOTAL FLOW:      
   KMOL/HR             7632.1857   181.1212   181.1212   181.1212    22.3493 
   KG/HR               1.3758+05  7500.0000  7500.0000  7500.0000   445.0000 
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   L/MIN               2519.5137   166.5826   166.6402  2.0406+04  1064.5887 
 STATE VARIABLES: 
   TEMP   C             107.4094    72.2158    72.4166   148.8889   148.8889 
   PRES   BAR             1.3172     1.0133     5.4948     5.1909     5.1909 
   VFRAC                  0.0        0.0        0.0        1.0000     0.4209 
   LFRAC                  1.0000     1.0000     1.0000     0.0        0.5791 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.6724+04 -6.3906+04 -6.3898+04 -5.3221+04 -6.1271+04 
   CAL/GM             -3701.3660 -1543.2877 -1543.1094 -1285.2521 -3077.2306 
   CAL/SEC            -1.4146+08 -3.2152+06 -3.2148+06 -2.6776+06 -3.8038+05 
 ENTROPY:         
   CAL/MOL-K            -34.4777   -68.4570   -68.4362   -41.3921   -24.3631 
   CAL/GM-K              -1.9126    -1.6532    -1.6527    -0.9996    -1.2236 
 DENSITY:         
   MOL/CC              5.0487-02  1.8121-02  1.8115-02  1.4793-04  3.4989-04 
   GM/CC                  0.9101     0.7504     0.7501  6.1256-03  6.9667-03 
 AVG MW                  18.0268    41.4087    41.4087    41.4087    19.9111 
 
 39 4 40 41 42                            
 ------------- 
 
 STREAM ID               39         4          40         41         42       
 FROM :                  D-305      ----       ETH-SPLT   ETH-SPLT   W1-MIX   
 TO   :                  ETH-SPLT   C-103      ----       PRGE-MIX   P-307    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      VAPOR      VAPOR      MIXED   
 COMPONENTS: KMOL/HR          
   ETHAN-01             137.1628     0.0      133.0479     4.1149     4.4914 
   OXYGE-01               0.0      764.0912     0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   WATER                  5.2497     0.0        5.0922     0.1575  7649.8105 
   ETHYL-01            2.1665-02     0.0     2.1015-02  6.4996-04  2.1884-04 
   ACETA-01               9.7425     0.0        9.4502     0.2923  9.8471-02 
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               6.5953     0.0        6.3974     0.1979     0.1344 
 TOTAL FLOW:      
   KMOL/HR              158.7719   764.0912   154.0087     4.7632  7654.5350 
   KG/HR               7055.0000  2.4450+04  6843.3500   211.6500  1.3803+05 
   L/MIN               1.7888+04  3.1156+05  1.8431+04   570.0206  6.8369+04 
 STATE VARIABLES: 
   TEMP   C             148.8889    25.0000   148.8889   148.8889    99.8535 
   PRES   BAR             5.1909     1.0133     4.8869     4.8869     1.0133 
   VFRAC                  1.0000     1.0000     1.0000     1.0000  1.6879-02 
   LFRAC                  0.0        0.0        0.0        0.0        0.9831 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -5.2764+04 -8.8977-13 -5.2764+04 -5.2764+04 -6.6708+04 
   CAL/GM             -1187.4428 -2.7806-14 -1187.4428 -1187.4428 -3699.3538 
   CAL/SEC            -2.3271+06 -1.8885-10 -2.2572+06 -6.9812+04 -1.4184+08 
 ENTROPY:         
   CAL/MOL-K            -45.9537     0.0      -45.8339   -45.8339   -34.4302 
   CAL/GM-K              -1.0342     0.0       -1.0315    -1.0315    -1.9094 
 DENSITY:         
   MOL/CC              1.4793-04  4.0875-05  1.3927-04  1.3927-04  1.8660-03 
   GM/CC               6.5733-03  1.3079-03  6.1884-03  6.1884-03  3.3648-02 
 AVG MW                  44.4348    31.9988    44.4348    44.4348    18.0323 
 
 47 5 50 55 56                            
 ------------- 
621
  STREAM ID               47         5          50         55         56       
 FROM :                  P-307      C-103      E-310-A    E-310-B    W1-SPLIT 
 TO   :                  E-310-A    MIX1       E-310-B    W1-SPLIT   PRGE-MIX 
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     VAPOR      LIQUID     LIQUID     LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               4.4914     0.0        4.4914     4.4914     0.2246 
   OXYGE-01               0.0      764.0912     0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   WATER               7649.8105     0.0     7649.8105  7649.8105   382.4905 
   ETHYL-01            2.1884-04     0.0     2.1884-04  2.1884-04  1.0942-05 
   ACETA-01            9.8471-02     0.0     9.8471-02  9.8471-02  4.9236-03 
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               0.1344     0.0        0.1344     0.1344  6.7215-03 
 TOTAL FLOW:      
   KMOL/HR             7654.5350   764.0912  7654.5350  7654.5350   382.7267 
   KG/HR               1.3803+05  2.4450+04  1.3803+05  1.3803+05  6901.4523 
   L/MIN               2533.1229  2.6293+05  2371.0676  2270.4654   113.5233 
 STATE VARIABLES: 
   TEMP   C             109.1123    53.9538    48.8889     4.4444     4.4444 
   PRES   BAR             2.2292     1.3172     1.9252     1.9252     1.6212 
   VFRAC                  0.0        1.0000     0.0        0.0        0.0    
   LFRAC                  1.0000     0.0        1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.6688+04   203.4687 -6.7832+04 -6.8623+04 -6.8623+04 
   CAL/GM             -3698.2749     6.3586 -3761.7124 -3805.5558 -3805.5558 
   CAL/SEC            -1.4180+08  4.3186+04 -1.4423+08 -1.4591+08 -7.2955+06 
 ENTROPY:         
   CAL/MOL-K            -34.3944     0.1303   -37.6071   -40.2345   -40.2345 
   CAL/GM-K              -1.9074  4.0708-03    -2.0855    -2.2312    -2.2312 
 DENSITY:         
   MOL/CC              5.0363-02  4.8434-05  5.3805-02  5.6189-02  5.6189-02 
   GM/CC                  0.9082  1.5498-03     0.9702     1.0132     1.0132 
 AVG MW                  18.0323    31.9988    18.0323    18.0323    18.0323 
 
 57 58 59 60 61                           
 -------------- 
 
 STREAM ID               57         58         59         60         61       
 FROM :                  W1-SPLIT   PRGE-MIX   P-401      ----       P-402    
 TO   :                  ----       ----       MIX4       P-402      MIX4     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     MIXED      LIQUID     LIQUID     LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               4.2668     4.3395    12.1455     0.0        0.0    
   OXYGE-01               0.0        4.1019     0.1611     0.0        0.0    
   CARBO-01               0.0        0.3649     0.4181     0.0        0.0    
   WATER               7267.3200   382.6893    14.0694  1.1940+04  1.1940+04 
   ETHYL-01            2.0790-04  4.8282-02   579.6544     0.0        0.0    
   ACETA-01            9.3548-02     0.2972     2.4630     0.0        0.0    
   ETHYL-02               0.0        0.0        0.0        0.0        0.0    
   DIETH-01               0.0        0.0        0.0        0.0        0.0    
   TRIET-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               0.1277     0.2046     0.6036     0.0        0.0    
 TOTAL FLOW:      
   KMOL/HR             7271.8082   392.0457   609.5151  1.1940+04  1.1940+04 
   KG/HR               1.3113+05  7263.2618  2.6500+04  2.1510+05  2.1510+05 
622
   L/MIN               2156.9421  1898.7285   519.9501  3606.8368  3607.9199 
 STATE VARIABLES: 
   TEMP   C               4.4444    14.4525    36.8440    25.0000    25.3093 
   PRES   BAR             1.6212     1.0133    11.1458     1.0133    11.1458 
   VFRAC                  0.0     1.1542-02     0.0        0.0        0.0    
   LFRAC                  1.0000     0.9885     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.8623+04 -6.7724+04 -2.0489+04 -6.8262+04 -6.8257+04 
   CAL/GM             -3805.5558 -3655.4973  -471.2661 -3789.1277 -3788.8233 
   CAL/SEC            -1.3861+08 -7.3752+06 -3.4690+06 -2.2640+08 -2.2638+08 
 ENTROPY:         
   CAL/MOL-K            -40.2345   -39.5939   -51.4542   -38.9652   -38.9469 
   CAL/GM-K              -2.2312    -2.1371    -1.1835    -2.1629    -2.1619 
 DENSITY:         
   MOL/CC              5.6189-02  3.4413-03  1.9538-02  5.5173-02  5.5156-02 
   GM/CC                  1.0132  6.3755-02     0.8494     0.9940     0.9937 
 AVG MW                  18.0323    18.5266    43.4772    18.0153    18.0153 
 
 62 63 64 65 66                           
 -------------- 
 
 STREAM ID               62         63         64         65         66       
 FROM :                  MIX4       R-403      R-404      F-501      F-501    
 TO   :                  R-403      R-404      F-501      F-502      E-504    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01              12.1455    12.1455    12.1455     2.8238     9.3217 
   OXYGE-01               0.1611     0.1611     0.1611  6.1782-06     0.1611 
   CARBO-01               0.4181     0.4181     0.4181  2.3487-04     0.4179 
   WATER               1.1954+04  1.1411+04  1.1409+04  8757.3679  2651.9307 
   ETHYL-01             579.6544     1.7390     0.0        0.0        0.0    
   ACETA-01               2.4630     2.4630     2.4630     0.2393     2.2237 
   ETHYL-02               0.0      514.3447   515.7098   513.2618     2.4480 
   DIETH-01               0.0       23.1166    23.2383    23.2249  1.3487-02 
   TRIET-01               0.0        5.7792     5.8226     5.8217  9.3688-04 
   METHA-01               0.6036     0.6036     0.6036     0.1899     0.4137 
 TOTAL FLOW:      
   KMOL/HR             1.2550+04  1.1972+04  1.1970+04  9302.9295  2666.9312 
   KG/HR               2.4160+05  2.4160+05  2.4160+05  1.9311+05  4.8493+04 
   L/MIN               4090.3568  4596.4526  4478.3809  3393.7390  2.0813+06 
 STATE VARIABLES: 
   TEMP   C              26.7939   150.0000   130.0000    89.2084    89.2084 
   PRES   BAR            10.8418    10.1325    10.1325     0.6434     0.6434 
   VFRAC                  0.0        0.0        0.0        0.0        1.0000 
   LFRAC                  1.0000     1.0000     1.0000     1.0000     0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.5937+04 -6.7697+04 -6.8167+04 -6.9594+04 -5.7251+04 
   CAL/GM             -3424.9393 -3354.4557 -3377.2422 -3352.6363 -3148.5828 
   CAL/SEC            -2.2985+08 -2.2512+08 -2.2665+08 -1.7984+08 -4.2412+07 
 ENTROPY:         
   CAL/MOL-K            -39.3527   -34.9358   -36.0089   -39.0278    -8.2692 
   CAL/GM-K              -2.0441    -1.7311    -1.7840    -1.8801    -0.4548 
 DENSITY:         
   MOL/CC              5.1135-02  4.3409-02  4.4547-02  4.5687-02  2.1356-05 
   GM/CC                  0.9844     0.8760     0.8991     0.9484  3.8832-04 
 AVG MW                  19.2519    20.1813    20.1842    20.7579    18.1831 
 
 67 68 69 70 71                           
 -------------- 
623
  STREAM ID               67         68         69         70         71       
 FROM :                  F-502      F-502      F-503      F-503      P-510    
 TO   :                  F-503      E-505      P-510      E-506      E-511    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     VAPOR      LIQUID     VAPOR      LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.4351     2.3888  3.2657-02     0.4024  3.2657-02 
   OXYGE-01            1.1370-10  6.1781-06  7.5414-16  1.1370-10  7.5414-16 
   CARBO-01            6.8776-08  2.3480-04  8.3351-12  6.8768-08  8.3351-12 
   WATER               5712.5295  3044.8384  2334.0303  3378.4993  2334.0303 
   ETHYL-01               0.0        0.0        0.0        0.0        0.0    
   ACETA-01            1.0673-02     0.2286  1.9244-04  1.0480-02  1.9244-04 
   ETHYL-02             509.4449     3.8168   500.0817     9.3633   500.0817 
   DIETH-01              23.2059  1.8942-02    23.1613  4.4594-02    23.1613 
   TRIET-01               5.8208  9.2816-04     5.8201  7.0989-04     5.8201 
   METHA-01            3.9333-02     0.1506  3.5851-03  3.5747-02  3.5851-03 
 TOTAL FLOW:      
   KMOL/HR             6251.4862  3051.4433  2863.1297  3388.3565  2863.1297 
   KG/HR               1.3789+05  5.5218+04  7.6421+04  6.1471+04  7.6421+04 
   L/MIN               2385.0002  3.0955+06  1279.3209  4.8425+06  1279.3814 
 STATE VARIABLES: 
   TEMP   C              82.8945    82.8945    76.9288    76.9288    76.9736 
   PRES   BAR             0.4864     0.4864     0.3394     0.3394     1.6212 
   VFRAC                  0.0        1.0000     0.0        1.0000     0.0    
   LFRAC                  1.0000     0.0        1.0000     0.0        1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -7.0928+04 -5.7332+04 -7.5329+04 -5.7437+04 -7.5328+04 
   CAL/GM             -3215.6153 -3168.2863 -2822.2049 -3166.0263 -2822.1665 
   CAL/SEC            -1.2317+08 -4.8596+07 -5.9910+07 -5.4061+07 -5.9909+07 
 ENTROPY:         
   CAL/MOL-K            -41.1797    -7.8000   -48.0746    -7.2785   -48.0717 
   CAL/GM-K              -1.8669    -0.4310    -1.8011    -0.4012    -1.8010 
 DENSITY:         
   MOL/CC              4.3686-02  1.6430-05  3.7300-02  1.1662-05  3.7298-02 
   GM/CC                  0.9636  2.9730-04     0.9956  2.1157-04     0.9955 
 AVG MW                  22.0574    18.0956    26.6914    18.1418    26.6914 
 
 72 73 74 75 76                           
 -------------- 
 
 STREAM ID               72         73         74         75         76       
 FROM :                  E-511      E-504      E-505      E-506      D-512    
 TO   :                  D-512      P-507      P-508      P-509      P-613    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      MIXED      LIQUID     LIQUID     LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            3.2657-02     9.3217     2.3888     0.4024  3.2657-02 
   OXYGE-01            7.5414-16     0.1611  6.1781-06  1.1370-10     0.0    
   CARBO-01            8.3351-12     0.4179  2.3480-04  6.8768-08  8.3351-12 
   WATER               2334.0303  2651.9307  3044.8384  3378.4993  2334.0243 
   ETHYL-01               0.0        0.0        0.0        0.0        0.0    
   ACETA-01            1.9244-04     2.2237     0.2286  1.0480-02  1.9244-04 
   ETHYL-02             500.0817     2.4480     3.8168     9.3633    34.6849 
   DIETH-01              23.1613  1.3487-02  1.8942-02  4.4594-02     0.2114 
   TRIET-01               5.8201  9.3688-04  9.2816-04  7.0989-04  2.4470-09 
   METHA-01            3.5851-03     0.4137     0.1506  3.5747-02  3.5851-03 
 TOTAL FLOW:      
   KMOL/HR             2863.1297  2666.9312  3051.4433  3388.3565  2368.9570 
   KG/HR               7.6421+04  4.8493+04  5.5218+04  6.1471+04  4.4225+04 
624
   L/MIN               1.4251+06   989.0539   932.5107  1037.0306   798.6977 
 STATE VARIABLES: 
   TEMP   C             200.0000    32.2222    32.2222    32.2222   100.4232 
   PRES   BAR             1.3172     0.6434     0.4864     0.3394     1.0133 
   VFRAC                  1.0000  9.6021-05     0.0        0.0        0.0    
   LFRAC                  0.0        0.9999     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.2943+04 -6.8152+04 -6.8184+04 -6.8249+04 -6.7460+04 
   CAL/GM             -2358.1584 -3748.1220 -3767.9700 -3762.0024 -3613.5854 
   CAL/SEC            -5.0059+07 -5.0488+07 -5.7794+07 -6.4237+07 -4.4392+07 
 ENTROPY:         
   CAL/MOL-K            -17.2086   -38.7172   -38.6360   -38.6993   -35.6410 
   CAL/GM-K              -0.6447    -2.1293    -2.1351    -2.1332    -1.9091 
 DENSITY:         
   MOL/CC              3.3484-05  4.4941-02  5.4538-02  5.4456-02  4.9434-02 
   GM/CC               8.9373-04     0.8172     0.9869     0.9879     0.9229 
 AVG MW                  26.6914    18.1831    18.0956    18.1418    18.6686 
 
 77 78 79 8 80                            
 ------------- 
 
 STREAM ID               77         78         79         8          80       
 FROM :                  P-507      P-508      P-509      MIX1       P-613    
 TO   :                  MIXER7     MIXER7     MIXER7     R-105      MIXER7   
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     VAPOR      LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               9.3217     2.3888     0.4024   768.9980  3.2657-02 
   OXYGE-01               0.1611  6.1781-06  1.1370-10   764.0912     0.0    
   CARBO-01               0.4179  2.3480-04  6.8768-08     0.0     8.3351-12 
   WATER               2651.9307  3044.8384  3378.4993    27.0895  2334.0243 
   ETHYL-01               0.0        0.0        0.0        0.0        0.0    
   ACETA-01               2.2237     0.2286  1.0480-02     0.0     1.9244-04 
   ETHYL-02               2.4480     3.8168     9.3633     0.0       34.6849 
   DIETH-01            1.3487-02  1.8942-02  4.4594-02     0.0        0.2114 
   TRIET-01            9.3688-04  9.2816-04  7.0989-04     0.0     2.4470-09 
   METHA-01               0.4137     0.1506  3.5747-02     7.3333  3.5851-03 
 TOTAL FLOW:      
   KMOL/HR             2666.9312  3051.4433  3388.3565  1567.5120  2368.9570 
   KG/HR               4.8493+04  5.5218+04  6.1471+04  6.0600+04  4.4225+04 
   L/MIN                821.1266   932.8278  1037.3881  7.7291+05   798.9988 
 STATE VARIABLES: 
   TEMP   C              32.6517    32.5668    32.5718    87.3920   100.7491 
   PRES   BAR            11.7537    11.7537    11.7537     1.0133    11.7537 
   VFRAC                  0.0        0.0        0.0        1.0000     0.0    
   LFRAC                  1.0000     1.0000     1.0000     0.0        1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.8145+04 -6.8177+04 -6.8243+04 -2.8013+04 -6.7454+04 
   CAL/GM             -3747.7161 -3767.6291 -3761.6575  -724.5976 -3613.2379 
   CAL/SEC            -5.0483+07 -5.7789+07 -6.4231+07 -1.2197+07 -4.4388+07 
 ENTROPY:         
   CAL/MOL-K            -38.6933   -38.6159   -38.6789   -22.8709   -35.6240 
   CAL/GM-K              -2.1280    -2.1340    -2.1320    -0.5916    -1.9082 
 DENSITY:         
   MOL/CC              5.4132-02  5.4520-02  5.4437-02  3.3801-05  4.9415-02 
   GM/CC                  0.9843     0.9866     0.9876  1.3068-03     0.9225 
 AVG MW                  18.1831    18.0956    18.1418    38.6600    18.6686 
 
 81 82 83 84 85                           
 -------------- 
625
  STREAM ID               81         82         83         84         85       
 FROM :                  MIXER7     W2-MIX     W2-MIX     D-512      D-601    
 TO   :                  W2-MIX     ----       ----       D-601      P-602    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01              12.1455    11.5382     0.6073  1.1101-10  1.1101-10 
   OXYGE-01               0.1611     0.1531  8.0569-03     0.0        0.0    
   CARBO-01               0.4181     0.3972  2.0906-02  1.0588-34     0.0    
   WATER               1.1409+04  1.0839+04   570.4646  6.0078-03  6.0078-03 
   ETHYL-01               0.0        0.0        0.0        0.0        0.0    
   ACETA-01               2.4630     2.3398     0.1231  2.0735-13     0.0    
   ETHYL-02              50.3130    47.7974     2.5157   465.3967   449.4569 
   DIETH-01               0.2884     0.2740  1.4421-02    22.9499     0.2620 
   TRIET-01            2.5749-03  2.4462-03  1.2875-04     5.8201  2.4967-09 
   METHA-01               0.6036     0.5734  3.0179-02  1.1708-10  1.1708-10 
 TOTAL FLOW:      
   KMOL/HR             1.1476+04  1.0902+04   573.7844   494.1727   449.7249 
   KG/HR               2.0941+05  1.9894+05  1.0470+04  3.2196+04  2.7925+04 
   L/MIN               3586.8117  3407.4711   179.3406   574.8000   490.7764 
 STATE VARIABLES: 
   TEMP   C              47.2704    47.2704    47.2704   207.0468   197.0838 
   PRES   BAR            11.4497    11.1458    11.1458     1.3172     1.0133 
   VFRAC                  0.0        0.0        0.0        0.0        0.0    
   LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -6.8040+04 -6.8040+04 -6.8040+04 -1.0453+05 -1.0271+05 
   CAL/GM             -3728.6586 -3728.6586 -3728.6586 -1604.3458 -1654.0874 
   CAL/SEC            -2.1689+08 -2.0605+08 -1.0845+07 -1.4348+07 -1.2831+07 
 ENTROPY:         
   CAL/MOL-K            -37.9585   -37.9585   -37.9585   -91.3504   -89.7534 
   CAL/GM-K              -2.0802    -2.0802    -2.0802    -1.4021    -1.4455 
 DENSITY:         
   MOL/CC              5.3324-02  5.3324-02  5.3324-02  1.4329-02  1.5273-02 
   GM/CC                  0.9730     0.9730     0.9730     0.9335     0.9483 
 AVG MW                  18.2478    18.2478    18.2478    65.1514    62.0935 
 
 86 87 88 89 9                            
 ------------- 
 
 STREAM ID               86         87         88         89         9        
 FROM :                  D-601      P-602      E-603      E-604      R-105    
 TO   :                  E-604      E-603      ----       ----       C-201    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01            7.5967-25  1.1101-10  1.1101-10  7.5967-25   153.7996 
   OXYGE-01               0.0        0.0        0.0        0.0      410.3521 
   CARBO-01               0.0        0.0        0.0        0.0       36.9119 
   WATER               1.6278-14  6.0078-03  6.0078-03  1.6278-14   679.1998 
   ETHYL-01               0.0        0.0        0.0        0.0      584.4385 
   ACETA-01               0.0        0.0        0.0        0.0       12.3040 
   ETHYL-02              15.9399   449.4569   449.4569    15.9399     0.0    
   DIETH-01              22.6879     0.2620     0.2620    22.6879     0.0    
   TRIET-01               5.8201  2.4967-09  2.4967-09     5.8201     0.0    
   METHA-01            7.5311-24  1.1708-10  1.1708-10  7.5311-24     7.3333 
 TOTAL FLOW:      
   KMOL/HR               44.4478   449.7249   449.7249    44.4478  1884.3392 
   KG/HR               4271.0652  2.7925+04  2.7925+04  4271.0652  6.0600+04 
626
   L/MIN                 79.5655   490.7867   418.3347    64.7169  1.2193+06 
 STATE VARIABLES: 
   TEMP   C             240.4053   197.1018    32.2222    32.2222   200.0000 
   PRES   BAR             1.3172     1.3172     1.0133     1.0133     1.0133 
   VFRAC                  0.0        0.0        0.0        0.0        1.0000 
   LFRAC                  1.0000     1.0000     1.0000     1.0000     0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
 ENTHALPY:        
   CAL/MOL            -1.2868+05 -1.0271+05 -1.0927+05 -1.4282+05 -2.9691+04 
   CAL/GM             -1339.1027 -1654.0739 -1759.7497 -1486.2516  -923.2347 
   CAL/SEC            -1.5887+06 -1.2831+07 -1.3650+07 -1.7633+06 -1.5541+07 
 ENTROPY:         
   CAL/MOL-K           -122.8568   -89.7516  -106.6943  -157.7188   -10.5345 
   CAL/GM-K              -1.2785    -1.4454    -1.7183    -1.6413    -0.3276 
 DENSITY:         
   MOL/CC              9.3105-03  1.5272-02  1.7917-02  1.1447-02  2.5757-05 
   GM/CC                  0.8947     0.9483     1.1125     1.0999  8.2833-04 
 AVG MW                  96.0917    62.0935    62.0935    96.0917    32.1598 
 
 Q-614 Q-615                              
 ----------- 
 
 STREAM ID               Q-614      Q-615    
 FROM :                  E-504      E-505    
 TO   :                  F-502      F-503    
 CLASS:                  HEAT       HEAT     
 
 STREAM ATTRIBUTES: 
 HEAT     
 Q        CAL/SEC       8.0760+06  9.1981+06 
 TBEG     C               89.2084    82.8945 
 TEND     C               32.2222    32.2222 
 
 1                                        
 - 
 
 STREAM ID               1        
 FROM :                  ----     
 TO   :                  P-101    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01             768.9980 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                 27.0895 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR              803.4208 
   KG/HR               3.6150+04 
   L/MIN                752.2128 
 STATE VARIABLES: 
   TEMP   C              25.0000 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
627
 ENTHALPY:        
   CAL/MOL            -6.6275+04 
   CAL/GM             -1472.9455 
   CAL/SEC            -1.4791+07 
 ENTROPY:         
   CAL/MOL-K            -80.7849 
   CAL/GM-K              -1.7954 
 DENSITY:         
   MOL/CC              1.7801-02 
   GM/CC                  0.8010 
 AVG MW                  44.9951 
 
 2                                        
 - 
 
 STREAM ID               2        
 FROM :                  P-101    
 TO   :                  E-102    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01             768.9980 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                 27.0895 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR              803.4208 
   KG/HR               3.6150+04 
   L/MIN                752.2698 
 STATE VARIABLES: 
   TEMP   C              25.0525 
   PRES   BAR             1.9252 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.6274+04 
   CAL/GM             -1472.9116 
   CAL/SEC            -1.4790+07 
 ENTROPY:         
   CAL/MOL-K            -80.7798 
   CAL/GM-K              -1.7953 
 DENSITY:         
   MOL/CC              1.7800-02 
   GM/CC                  0.8009 
 AVG MW                  44.9951 
 
 3                                        
 - 
 
 STREAM ID               3        
 FROM :                  E-102    
 TO   :                  MIX1     
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
628
 COMPONENTS: KMOL/HR          
   ETHAN-01             768.9980 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                 27.0895 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR              803.4208 
   KG/HR               3.6150+04 
   L/MIN               2.5625+05 
 STATE VARIABLES: 
   TEMP   C             100.0000 
   PRES   BAR             1.6212 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.4848+04 
   CAL/GM             -1218.9787 
   CAL/SEC            -1.2241+07 
 ENTROPY:         
   CAL/MOL-K            -48.9008 
   CAL/GM-K              -1.0868 
 DENSITY:         
   MOL/CC              5.2255-05 
   GM/CC               2.3512-03 
 AVG MW                  44.9951 
 
 4                                        
 - 
 
 STREAM ID               4        
 FROM :                  ----     
 TO   :                  C-103    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01             764.0912 
   CARBO-01               0.0    
   WATER                  0.0    
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR              764.0912 
   KG/HR               2.4450+04 
   L/MIN               3.1156+05 
 STATE VARIABLES: 
   TEMP   C              25.0000 
   PRES   BAR             1.0133 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
629
 ENTHALPY:        
   CAL/MOL            -8.8977-13 
   CAL/GM             -2.7806-14 
   CAL/SEC            -1.8885-10 
 ENTROPY:         
   CAL/MOL-K              0.0    
   CAL/GM-K               0.0    
 DENSITY:         
   MOL/CC              4.0875-05 
   GM/CC               1.3079-03 
 AVG MW                  31.9988 
 
 5                                        
 - 
 
 STREAM ID               5        
 FROM :                  C-103    
 TO   :                  MIX1     
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01             764.0912 
   CARBO-01               0.0    
   WATER                  0.0    
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR              764.0912 
   KG/HR               2.4450+04 
   L/MIN               2.6293+05 
 STATE VARIABLES: 
   TEMP   C              53.9538 
   PRES   BAR             1.3172 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL              203.4687 
   CAL/GM                 6.3586 
   CAL/SEC             4.3186+04 
 ENTROPY:         
   CAL/MOL-K              0.1303 
   CAL/GM-K            4.0708-03 
 DENSITY:         
   MOL/CC              4.8434-05 
   GM/CC               1.5498-03 
 AVG MW                  31.9988 
 
 8                                        
 - 
 
 STREAM ID               8        
 FROM :                  MIX1     
 TO   :                  R-105    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
630
 COMPONENTS: KMOL/HR          
   ETHAN-01             768.9980 
   OXYGE-01             764.0912 
   CARBO-01               0.0    
   WATER                 27.0895 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR             1567.5120 
   KG/HR               6.0600+04 
   L/MIN               7.7291+05 
 STATE VARIABLES: 
   TEMP   C              87.3920 
   PRES   BAR             1.0133 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -2.8013+04 
   CAL/GM              -724.5976 
   CAL/SEC            -1.2197+07 
 ENTROPY:         
   CAL/MOL-K            -22.8709 
   CAL/GM-K              -0.5916 
 DENSITY:         
   MOL/CC              3.3801-05 
   GM/CC               1.3068-03 
 AVG MW                  38.6600 
 
 9                                        
 - 
 
 STREAM ID               9        
 FROM :                  R-105    
 TO   :                  C-201    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01             153.7996 
   OXYGE-01             410.3521 
   CARBO-01              36.9119 
   WATER                679.1998 
   ETHYL-01             584.4385 
   ACETA-01              12.3040 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR             1884.3392 
   KG/HR               6.0600+04 
   L/MIN               1.2193+06 
 STATE VARIABLES: 
   TEMP   C             200.0000 
   PRES   BAR             1.0133 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
631
 ENTHALPY:        
   CAL/MOL            -2.9691+04 
   CAL/GM              -923.2347 
   CAL/SEC            -1.5541+07 
 ENTROPY:         
   CAL/MOL-K            -10.5345 
   CAL/GM-K              -0.3276 
 DENSITY:         
   MOL/CC              2.5757-05 
   GM/CC               8.2833-04 
 AVG MW                  32.1598 
 
 10                                       
 -- 
 
 STREAM ID               10       
 FROM :                  C-201    
 TO   :                  E-202-A  
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01             153.7996 
   OXYGE-01             410.3521 
   CARBO-01              36.9119 
   WATER                679.1998 
   ETHYL-01             584.4385 
   ACETA-01              12.3040 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR             1884.3392 
   KG/HR               6.0600+04 
   L/MIN               8.3700+05 
 STATE VARIABLES: 
   TEMP   C             246.5200 
   PRES   BAR             1.6212 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -2.9112+04 
   CAL/GM              -905.2345 
   CAL/SEC            -1.5238+07 
 ENTROPY:         
   CAL/MOL-K            -10.3014 
   CAL/GM-K              -0.3203 
 DENSITY:         
   MOL/CC              3.7522-05 
   GM/CC               1.2067-03 
 AVG MW                  32.1598 
 
 11                                       
 -- 
 
 STREAM ID               11       
 FROM :                  E-202-A  
 TO   :                  E-202-B  
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
632
 COMPONENTS: KMOL/HR          
   ETHAN-01             153.7996 
   OXYGE-01             410.3521 
   CARBO-01              36.9119 
   WATER                679.1998 
   ETHYL-01             584.4385 
   ACETA-01              12.3040 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR             1884.3392 
   KG/HR               6.0600+04 
   L/MIN               6.7769+05 
 STATE VARIABLES: 
   TEMP   C              79.4440 
   PRES   BAR             1.3172 
   VFRAC                  0.9695 
   LFRAC               3.0459-02 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -3.1352+04 
   CAL/GM              -974.8711 
   CAL/SEC            -1.6410+07 
 ENTROPY:         
   CAL/MOL-K            -15.2119 
   CAL/GM-K              -0.4730 
 DENSITY:         
   MOL/CC              4.6342-05 
   GM/CC               1.4904-03 
 AVG MW                  32.1598 
 
 12                                       
 -- 
 
 STREAM ID               12       
 FROM :                  E-202-B  
 TO   :                  A-205    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   ETHAN-01             153.7996 
   OXYGE-01             410.3521 
   CARBO-01              36.9119 
   WATER                679.1998 
   ETHYL-01             584.4385 
   ACETA-01              12.3040 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR             1884.3392 
   KG/HR               6.0600+04 
   L/MIN               2.5618+05 
 STATE VARIABLES: 
   TEMP   C              15.0000 
   PRES   BAR             1.3172 
   VFRAC                  0.4476 
   LFRAC                  0.5524 
   SFRAC                  0.0    
633
 ENTHALPY:        
   CAL/MOL            -3.7074+04 
   CAL/GM             -1152.8070 
   CAL/SEC            -1.9406+07 
 ENTROPY:         
   CAL/MOL-K            -32.6795 
   CAL/GM-K              -1.0162 
 DENSITY:         
   MOL/CC              1.2259-04 
   GM/CC               3.9425-03 
 AVG MW                  32.1598 
 
 13                                       
 -- 
 
 STREAM ID               13       
 FROM :                  ----     
 TO   :                  P-203    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               6994.0628 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR             6994.0628 
   KG/HR               1.2600+05 
   L/MIN               2127.7395 
 STATE VARIABLES: 
   TEMP   C              32.2222 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8134+04 
   CAL/GM             -3781.9979 
   CAL/SEC            -1.3237+08 
 ENTROPY:         
   CAL/MOL-K            -38.5412 
   CAL/GM-K              -2.1394 
 DENSITY:         
   MOL/CC              5.4785-02 
   GM/CC                  0.9870 
 AVG MW                  18.0153 
 
 14                                       
 -- 
 
 STREAM ID               14       
 FROM :                  P-203    
 TO   :                  E-204    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
634
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               6994.0628 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR             6994.0628 
   KG/HR               1.2600+05 
   L/MIN               2127.7589 
 STATE VARIABLES: 
   TEMP   C              32.2315 
   PRES   BAR             1.3172 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8134+04 
   CAL/GM             -3781.9887 
   CAL/SEC            -1.3237+08 
 ENTROPY:         
   CAL/MOL-K            -38.5407 
   CAL/GM-K              -2.1393 
 DENSITY:         
   MOL/CC              5.4784-02 
   GM/CC                  0.9870 
 AVG MW                  18.0153 
 
 15                                       
 -- 
 
 STREAM ID               15       
 FROM :                  E-204    
 TO   :                  A-205    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               6994.0628 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR             6994.0628 
   KG/HR               1.2600+05 
   L/MIN               2072.9523 
 STATE VARIABLES: 
   TEMP   C               5.0000 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
635
 ENTHALPY:        
   CAL/MOL            -6.8614+04 
   CAL/GM             -3808.6501 
   CAL/SEC            -1.3330+08 
 ENTROPY:         
   CAL/MOL-K            -40.1789 
   CAL/GM-K              -2.2303 
 DENSITY:         
   MOL/CC              5.6233-02 
   GM/CC                  1.0130 
 AVG MW                  18.0153 
 
 16                                       
 -- 
 
 STREAM ID               16       
 FROM :                  A-205    
 TO   :                  P-208    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01             153.7996 
   OXYGE-01               0.1611 
   CARBO-01               0.4181 
   WATER               7669.1295 
   ETHYL-01             579.6764 
   ACETA-01              12.3039 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR             8422.8219 
   KG/HR               1.7158+05 
   L/MIN               2935.9596 
 STATE VARIABLES: 
   TEMP   C              23.8872 
   PRES   BAR             1.3172 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.4819+04 
   CAL/GM             -3181.8719 
   CAL/SEC            -1.5166+08 
 ENTROPY:         
   CAL/MOL-K            -40.5079 
   CAL/GM-K              -1.9885 
 DENSITY:         
   MOL/CC              4.7814-02 
   GM/CC                  0.9740 
 AVG MW                  20.3713 
 
 17                                       
 -- 
 
 STREAM ID               17       
 FROM :                  A-205    
 TO   :                  C-206    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
636
 COMPONENTS: KMOL/HR          
   ETHAN-01            3.2000-15 
   OXYGE-01             410.1909 
   CARBO-01              36.4938 
   WATER                  4.1331 
   ETHYL-01               4.7621 
   ACETA-01            6.3603-05 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01            4.9024-17 
 TOTAL FLOW:      
   KMOL/HR              455.5800 
   KG/HR               1.5016+04 
   L/MIN               1.7379+05 
 STATE VARIABLES: 
   TEMP   C               5.7914 
   PRES   BAR             1.0133 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -8322.4096 
   CAL/GM              -252.4997 
   CAL/SEC            -1.0532+06 
 ENTROPY:         
   CAL/MOL-K          -8.1442-02 
   CAL/GM-K           -2.4709-03 
 DENSITY:         
   MOL/CC              4.3689-05 
   GM/CC               1.4400-03 
 AVG MW                  32.9601 
 
 18                                       
 -- 
 
 STREAM ID               18       
 FROM :                  C-206    
 TO   :                  GR-MIX   
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01            3.2000-15 
   OXYGE-01             410.1909 
   CARBO-01              36.4938 
   WATER                  4.1331 
   ETHYL-01               4.7621 
   ACETA-01            6.3603-05 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01            4.9024-17 
 TOTAL FLOW:      
   KMOL/HR              455.5800 
   KG/HR               1.5016+04 
   L/MIN               1.1395+05 
 STATE VARIABLES: 
   TEMP   C              74.3275 
   PRES   BAR             1.9252 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
637
 ENTHALPY:        
   CAL/MOL            -7825.2331 
   CAL/GM              -237.4155 
   CAL/SEC            -9.9028+05 
 ENTROPY:         
   CAL/MOL-K              0.2370 
   CAL/GM-K            7.1903-03 
 DENSITY:         
   MOL/CC              6.6637-05 
   GM/CC               2.1964-03 
 AVG MW                  32.9601 
 
 25                                       
 -- 
 
 STREAM ID               25       
 FROM :                  P-208    
 TO   :                  E-210    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01             153.7996 
   OXYGE-01               0.1611 
   CARBO-01               0.4181 
   WATER               7669.1295 
   ETHYL-01             579.6764 
   ACETA-01              12.3039 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR             8422.8219 
   KG/HR               1.7158+05 
   L/MIN               2936.3430 
 STATE VARIABLES: 
   TEMP   C              24.0079 
   PRES   BAR             4.9649 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.4817+04 
   CAL/GM             -3181.7601 
   CAL/SEC            -1.5165+08 
 ENTROPY:         
   CAL/MOL-K            -40.5003 
   CAL/GM-K              -1.9881 
 DENSITY:         
   MOL/CC              4.7808-02 
   GM/CC                  0.9739 
 AVG MW                  20.3713 
 
 26                                       
 -- 
 
 STREAM ID               26       
 FROM :                  E-210    
 TO   :                  D-211    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
638
 COMPONENTS: KMOL/HR          
   ETHAN-01             153.7996 
   OXYGE-01               0.1611 
   CARBO-01               0.4181 
   WATER               7669.1295 
   ETHYL-01             579.6764 
   ACETA-01              12.3039 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               7.3333 
 TOTAL FLOW:      
   KMOL/HR             8422.8219 
   KG/HR               1.7158+05 
   L/MIN               3.0515+04 
 STATE VARIABLES: 
   TEMP   C              98.0000 
   PRES   BAR             4.6610 
   VFRAC               2.9597-02 
   LFRAC                  0.9704 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.3141+04 
   CAL/GM             -3099.5074 
   CAL/SEC            -1.4773+08 
 ENTROPY:         
   CAL/MOL-K            -35.5876 
   CAL/GM-K              -1.7469 
 DENSITY:         
   MOL/CC              4.6004-03 
   GM/CC               9.3717-02 
 AVG MW                  20.3713 
 
 27                                       
 -- 
 
 STREAM ID               27       
 FROM :                  D-211    
 TO   :                  E-301    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01             141.6541 
   OXYGE-01            6.8890-29 
   CARBO-01            4.6126-19 
   WATER               7655.0602 
   ETHYL-01            2.1884-02 
   ACETA-01               9.8409 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               6.7297 
 TOTAL FLOW:      
   KMOL/HR             7813.3069 
   KG/HR               1.4508+05 
   L/MIN               2814.0514 
 STATE VARIABLES: 
   TEMP   C             141.2478 
   PRES   BAR             4.3570 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
639
 ENTHALPY:        
   CAL/MOL            -6.5797+04 
   CAL/GM             -3543.3896 
   CAL/SEC            -1.4280+08 
 ENTROPY:         
   CAL/MOL-K            -33.0293 
   CAL/GM-K              -1.7788 
 DENSITY:         
   MOL/CC              4.6276-02 
   GM/CC                  0.8593 
 AVG MW                  18.5688 
 
 28                                       
 -- 
 
 STREAM ID               28       
 FROM :                  D-211    
 TO   :                  P-401    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01              12.1455 
   OXYGE-01               0.1611 
   CARBO-01               0.4181 
   WATER                 14.0694 
   ETHYL-01             579.6544 
   ACETA-01               2.4630 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.6036 
 TOTAL FLOW:      
   KMOL/HR              609.5151 
   KG/HR               2.6500+04 
   L/MIN                519.5530 
 STATE VARIABLES: 
   TEMP   C              36.4118 
   PRES   BAR             4.0530 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -2.0500+04 
   CAL/GM              -471.5152 
   CAL/SEC            -3.4709+06 
 ENTROPY:         
   CAL/MOL-K            -51.4875 
   CAL/GM-K              -1.1842 
 DENSITY:         
   MOL/CC              1.9553-02 
   GM/CC                  0.8501 
 AVG MW                  43.4772 
 
 30                                       
 -- 
 
 STREAM ID               30       
 FROM :                  GR-MIX   
 TO   :                  GAS-SPLT 
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
640
 COMPONENTS: KMOL/HR          
   ETHAN-01            3.2000-15 
   OXYGE-01             410.1909 
   CARBO-01              36.4938 
   WATER                  4.1331 
   ETHYL-01               4.7621 
   ACETA-01            6.3603-05 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01            4.9024-17 
 TOTAL FLOW:      
   KMOL/HR              455.5800 
   KG/HR               1.5016+04 
   L/MIN               1.3531+05 
 STATE VARIABLES: 
   TEMP   C              74.3275 
   PRES   BAR             1.6212 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -7825.2331 
   CAL/GM              -237.4155 
   CAL/SEC            -9.9028+05 
 ENTROPY:         
   CAL/MOL-K              0.5783 
   CAL/GM-K            1.7544-02 
 DENSITY:         
   MOL/CC              5.6115-05 
   GM/CC               1.8496-03 
 AVG MW                  32.9601 
 
 31                                       
 -- 
 
 STREAM ID               31       
 FROM :                  GAS-SPLT 
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01            3.1680-15 
   OXYGE-01             406.0890 
   CARBO-01              36.1289 
   WATER                  4.0918 
   ETHYL-01               4.7145 
   ACETA-01            6.2967-05 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01            4.8534-17 
 TOTAL FLOW:      
   KMOL/HR              451.0242 
   KG/HR               1.4866+04 
   L/MIN               1.6487+05 
 STATE VARIABLES: 
   TEMP   C              74.3275 
   PRES   BAR             1.3172 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
641
 ENTHALPY:        
   CAL/MOL            -7825.2331 
   CAL/GM              -237.4155 
   CAL/SEC            -9.8038+05 
 ENTROPY:         
   CAL/MOL-K              0.9906 
   CAL/GM-K            3.0054-02 
 DENSITY:         
   MOL/CC              4.5594-05 
   GM/CC               1.5028-03 
 AVG MW                  32.9601 
 
 32                                       
 -- 
 
 STREAM ID               32       
 FROM :                  GAS-SPLT 
 TO   :                  PRGE-MIX 
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01            3.2000-17 
   OXYGE-01               4.1019 
   CARBO-01               0.3649 
   WATER               4.1331-02 
   ETHYL-01            4.7621-02 
   ACETA-01            6.3603-07 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01            4.9024-19 
 TOTAL FLOW:      
   KMOL/HR                4.5558 
   KG/HR                150.1595 
   L/MIN               1665.3574 
 STATE VARIABLES: 
   TEMP   C              74.3275 
   PRES   BAR             1.3172 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -7825.2331 
   CAL/GM              -237.4155 
   CAL/SEC            -9902.8331 
 ENTROPY:         
   CAL/MOL-K              0.9906 
   CAL/GM-K            3.0054-02 
 DENSITY:         
   MOL/CC              4.5594-05 
   GM/CC               1.5028-03 
 AVG MW                  32.9601 
 
 33                                       
 -- 
 
 STREAM ID               33       
 FROM :                  E-301    
 TO   :                  D-302    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
642
 COMPONENTS: KMOL/HR          
   ETHAN-01             141.6541 
   OXYGE-01            6.8890-29 
   CARBO-01            4.6126-19 
   WATER               7655.0602 
   ETHYL-01            2.1884-02 
   ACETA-01               9.8409 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               6.7297 
 TOTAL FLOW:      
   KMOL/HR             7813.3069 
   KG/HR               1.4508+05 
   L/MIN               2684.9516 
 STATE VARIABLES: 
   TEMP   C             104.4444 
   PRES   BAR             4.0530 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.6651+04 
   CAL/GM             -3589.4074 
   CAL/SEC            -1.4466+08 
 ENTROPY:         
   CAL/MOL-K            -35.1241 
   CAL/GM-K              -1.8916 
 DENSITY:         
   MOL/CC              4.8501-02 
   GM/CC                  0.9006 
 AVG MW                  18.5688 
 
 34                                       
 -- 
 
 STREAM ID               34       
 FROM :                  D-302    
 TO   :                  W1-MIX   
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               3.1059 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               7629.0119 
   ETHYL-01            1.1191-13 
   ACETA-01            6.2433-05 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01            6.7811-02 
 TOTAL FLOW:      
   KMOL/HR             7632.1857 
   KG/HR               1.3758+05 
   L/MIN               2519.5137 
 STATE VARIABLES: 
   TEMP   C             107.4094 
   PRES   BAR             1.3172 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
643
 ENTHALPY:        
   CAL/MOL            -6.6724+04 
   CAL/GM             -3701.3660 
   CAL/SEC            -1.4146+08 
 ENTROPY:         
   CAL/MOL-K            -34.4777 
   CAL/GM-K              -1.9126 
 DENSITY:         
   MOL/CC              5.0487-02 
   GM/CC                  0.9101 
 AVG MW                  18.0268 
 
 35                                       
 -- 
 
 STREAM ID               35       
 FROM :                  D-302    
 TO   :                  P-303    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01             138.5482 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                 26.0483 
   ETHYL-01            2.1884-02 
   ACETA-01               9.8409 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               6.6619 
 TOTAL FLOW:      
   KMOL/HR              181.1212 
   KG/HR               7500.0000 
   L/MIN                166.5826 
 STATE VARIABLES: 
   TEMP   C              72.2158 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.3906+04 
   CAL/GM             -1543.2877 
   CAL/SEC            -3.2152+06 
 ENTROPY:         
   CAL/MOL-K            -68.4570 
   CAL/GM-K              -1.6532 
 DENSITY:         
   MOL/CC              1.8121-02 
   GM/CC                  0.7504 
 AVG MW                  41.4087 
 
 36                                       
 -- 
 
 STREAM ID               36       
 FROM :                  P-303    
 TO   :                  E-304    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
644
 COMPONENTS: KMOL/HR          
   ETHAN-01             138.5482 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                 26.0483 
   ETHYL-01            2.1884-02 
   ACETA-01               9.8409 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               6.6619 
 TOTAL FLOW:      
   KMOL/HR              181.1212 
   KG/HR               7500.0000 
   L/MIN                166.6402 
 STATE VARIABLES: 
   TEMP   C              72.4166 
   PRES   BAR             5.4948 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.3898+04 
   CAL/GM             -1543.1094 
   CAL/SEC            -3.2148+06 
 ENTROPY:         
   CAL/MOL-K            -68.4362 
   CAL/GM-K              -1.6527 
 DENSITY:         
   MOL/CC              1.8115-02 
   GM/CC                  0.7501 
 AVG MW                  41.4087 
 
 37                                       
 -- 
 
 STREAM ID               37       
 FROM :                  E-304    
 TO   :                  D-305    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01             138.5482 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                 26.0483 
   ETHYL-01            2.1884-02 
   ACETA-01               9.8409 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               6.6619 
 TOTAL FLOW:      
   KMOL/HR              181.1212 
   KG/HR               7500.0000 
   L/MIN               2.0406+04 
 STATE VARIABLES: 
   TEMP   C             148.8889 
   PRES   BAR             5.1909 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
645
 ENTHALPY:        
   CAL/MOL            -5.3221+04 
   CAL/GM             -1285.2521 
   CAL/SEC            -2.6776+06 
 ENTROPY:         
   CAL/MOL-K            -41.3921 
   CAL/GM-K              -0.9996 
 DENSITY:         
   MOL/CC              1.4793-04 
   GM/CC               6.1256-03 
 AVG MW                  41.4087 
 
 38                                       
 -- 
 
 STREAM ID               38       
 FROM :                  D-305    
 TO   :                  W1-MIX   
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
 COMPONENTS: KMOL/HR          
   ETHAN-01               1.3855 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                 20.7986 
   ETHYL-01            2.1884-04 
   ACETA-01            9.8409-02 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01            6.6619-02 
 TOTAL FLOW:      
   KMOL/HR               22.3493 
   KG/HR                445.0000 
   L/MIN               1064.5887 
 STATE VARIABLES: 
   TEMP   C             148.8889 
   PRES   BAR             5.1909 
   VFRAC                  0.4209 
   LFRAC                  0.5791 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.1271+04 
   CAL/GM             -3077.2306 
   CAL/SEC            -3.8038+05 
 ENTROPY:         
   CAL/MOL-K            -24.3631 
   CAL/GM-K              -1.2236 
 DENSITY:         
   MOL/CC              3.4989-04 
   GM/CC               6.9667-03 
 AVG MW                  19.9111 
 
 39                                       
 -- 
 
 STREAM ID               39       
 FROM :                  D-305    
 TO   :                  ETH-SPLT 
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
646
 COMPONENTS: KMOL/HR          
   ETHAN-01             137.1628 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                  5.2497 
   ETHYL-01            2.1665-02 
   ACETA-01               9.7425 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               6.5953 
 TOTAL FLOW:      
   KMOL/HR              158.7719 
   KG/HR               7055.0000 
   L/MIN               1.7888+04 
 STATE VARIABLES: 
   TEMP   C             148.8889 
   PRES   BAR             5.1909 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.2764+04 
   CAL/GM             -1187.4428 
   CAL/SEC            -2.3271+06 
 ENTROPY:         
   CAL/MOL-K            -45.9537 
   CAL/GM-K              -1.0342 
 DENSITY:         
   MOL/CC              1.4793-04 
   GM/CC               6.5733-03 
 AVG MW                  44.4348 
 
 40                                       
 -- 
 
 STREAM ID               40       
 FROM :                  ETH-SPLT 
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01             133.0479 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                  5.0922 
   ETHYL-01            2.1015-02 
   ACETA-01               9.4502 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               6.3974 
 TOTAL FLOW:      
   KMOL/HR              154.0087 
   KG/HR               6843.3500 
   L/MIN               1.8431+04 
 STATE VARIABLES: 
   TEMP   C             148.8889 
   PRES   BAR             4.8869 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
647
 ENTHALPY:        
   CAL/MOL            -5.2764+04 
   CAL/GM             -1187.4428 
   CAL/SEC            -2.2572+06 
 ENTROPY:         
   CAL/MOL-K            -45.8339 
   CAL/GM-K              -1.0315 
 DENSITY:         
   MOL/CC              1.3927-04 
   GM/CC               6.1884-03 
 AVG MW                  44.4348 
 
 41                                       
 -- 
 
 STREAM ID               41       
 FROM :                  ETH-SPLT 
 TO   :                  PRGE-MIX 
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               4.1149 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                  0.1575 
   ETHYL-01            6.4996-04 
   ACETA-01               0.2923 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.1979 
 TOTAL FLOW:      
   KMOL/HR                4.7632 
   KG/HR                211.6500 
   L/MIN                570.0206 
 STATE VARIABLES: 
   TEMP   C             148.8889 
   PRES   BAR             4.8869 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.2764+04 
   CAL/GM             -1187.4428 
   CAL/SEC            -6.9812+04 
 ENTROPY:         
   CAL/MOL-K            -45.8339 
   CAL/GM-K              -1.0315 
 DENSITY:         
   MOL/CC              1.3927-04 
   GM/CC               6.1884-03 
 AVG MW                  44.4348 
 
 42                                       
 -- 
 
 STREAM ID               42       
 FROM :                  W1-MIX   
 TO   :                  P-307    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
648
 COMPONENTS: KMOL/HR          
   ETHAN-01               4.4914 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               7649.8105 
   ETHYL-01            2.1884-04 
   ACETA-01            9.8471-02 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.1344 
 TOTAL FLOW:      
   KMOL/HR             7654.5350 
   KG/HR               1.3803+05 
   L/MIN               6.8369+04 
 STATE VARIABLES: 
   TEMP   C              99.8535 
   PRES   BAR             1.0133 
   VFRAC               1.6879-02 
   LFRAC                  0.9831 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.6708+04 
   CAL/GM             -3699.3538 
   CAL/SEC            -1.4184+08 
 ENTROPY:         
   CAL/MOL-K            -34.4302 
   CAL/GM-K              -1.9094 
 DENSITY:         
   MOL/CC              1.8660-03 
   GM/CC               3.3648-02 
 AVG MW                  18.0323 
 
 47                                       
 -- 
 
 STREAM ID               47       
 FROM :                  P-307    
 TO   :                  E-310-A  
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               4.4914 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               7649.8105 
   ETHYL-01            2.1884-04 
   ACETA-01            9.8471-02 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.1344 
 TOTAL FLOW:      
   KMOL/HR             7654.5350 
   KG/HR               1.3803+05 
   L/MIN               2533.1229 
 STATE VARIABLES: 
   TEMP   C             109.1123 
   PRES   BAR             2.2292 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
649
 ENTHALPY:        
   CAL/MOL            -6.6688+04 
   CAL/GM             -3698.2749 
   CAL/SEC            -1.4180+08 
 ENTROPY:         
   CAL/MOL-K            -34.3944 
   CAL/GM-K              -1.9074 
 DENSITY:         
   MOL/CC              5.0363-02 
   GM/CC                  0.9082 
 AVG MW                  18.0323 
 
 50                                       
 -- 
 
 STREAM ID               50       
 FROM :                  E-310-A  
 TO   :                  E-310-B  
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               4.4914 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               7649.8105 
   ETHYL-01            2.1884-04 
   ACETA-01            9.8471-02 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.1344 
 TOTAL FLOW:      
   KMOL/HR             7654.5350 
   KG/HR               1.3803+05 
   L/MIN               2371.0676 
 STATE VARIABLES: 
   TEMP   C              48.8889 
   PRES   BAR             1.9252 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.7832+04 
   CAL/GM             -3761.7124 
   CAL/SEC            -1.4423+08 
 ENTROPY:         
   CAL/MOL-K            -37.6071 
   CAL/GM-K              -2.0855 
 DENSITY:         
   MOL/CC              5.3805-02 
   GM/CC                  0.9702 
 AVG MW                  18.0323 
 
 55                                       
 -- 
 
 STREAM ID               55       
 FROM :                  E-310-B  
 TO   :                  W1-SPLIT 
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
650
 COMPONENTS: KMOL/HR          
   ETHAN-01               4.4914 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               7649.8105 
   ETHYL-01            2.1884-04 
   ACETA-01            9.8471-02 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.1344 
 TOTAL FLOW:      
   KMOL/HR             7654.5350 
   KG/HR               1.3803+05 
   L/MIN               2270.4654 
 STATE VARIABLES: 
   TEMP   C               4.4444 
   PRES   BAR             1.9252 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8623+04 
   CAL/GM             -3805.5558 
   CAL/SEC            -1.4591+08 
 ENTROPY:         
   CAL/MOL-K            -40.2345 
   CAL/GM-K              -2.2312 
 DENSITY:         
   MOL/CC              5.6189-02 
   GM/CC                  1.0132 
 AVG MW                  18.0323 
 
 56                                       
 -- 
 
 STREAM ID               56       
 FROM :                  W1-SPLIT 
 TO   :                  PRGE-MIX 
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.2246 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER                382.4905 
   ETHYL-01            1.0942-05 
   ACETA-01            4.9236-03 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01            6.7215-03 
 TOTAL FLOW:      
   KMOL/HR              382.7267 
   KG/HR               6901.4523 
   L/MIN                113.5233 
 STATE VARIABLES: 
   TEMP   C               4.4444 
   PRES   BAR             1.6212 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
651
 ENTHALPY:        
   CAL/MOL            -6.8623+04 
   CAL/GM             -3805.5558 
   CAL/SEC            -7.2955+06 
 ENTROPY:         
   CAL/MOL-K            -40.2345 
   CAL/GM-K              -2.2312 
 DENSITY:         
   MOL/CC              5.6189-02 
   GM/CC                  1.0132 
 AVG MW                  18.0323 
 
 57                                       
 -- 
 
 STREAM ID               57       
 FROM :                  W1-SPLIT 
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               4.2668 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               7267.3200 
   ETHYL-01            2.0790-04 
   ACETA-01            9.3548-02 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.1277 
 TOTAL FLOW:      
   KMOL/HR             7271.8082 
   KG/HR               1.3113+05 
   L/MIN               2156.9421 
 STATE VARIABLES: 
   TEMP   C               4.4444 
   PRES   BAR             1.6212 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8623+04 
   CAL/GM             -3805.5558 
   CAL/SEC            -1.3861+08 
 ENTROPY:         
   CAL/MOL-K            -40.2345 
   CAL/GM-K              -2.2312 
 DENSITY:         
   MOL/CC              5.6189-02 
   GM/CC                  1.0132 
 AVG MW                  18.0323 
 
 58                                       
 -- 
 
 STREAM ID               58       
 FROM :                  PRGE-MIX 
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
652
 COMPONENTS: KMOL/HR          
   ETHAN-01               4.3395 
   OXYGE-01               4.1019 
   CARBO-01               0.3649 
   WATER                382.6893 
   ETHYL-01            4.8282-02 
   ACETA-01               0.2972 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.2046 
 TOTAL FLOW:      
   KMOL/HR              392.0457 
   KG/HR               7263.2618 
   L/MIN               1898.7285 
 STATE VARIABLES: 
   TEMP   C              14.4525 
   PRES   BAR             1.0133 
   VFRAC               1.1542-02 
   LFRAC                  0.9885 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.7724+04 
   CAL/GM             -3655.4973 
   CAL/SEC            -7.3752+06 
 ENTROPY:         
   CAL/MOL-K            -39.5939 
   CAL/GM-K              -2.1371 
 DENSITY:         
   MOL/CC              3.4413-03 
   GM/CC               6.3755-02 
 AVG MW                  18.5266 
 
 59                                       
 -- 
 
 STREAM ID               59       
 FROM :                  P-401    
 TO   :                  MIX4     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01              12.1455 
   OXYGE-01               0.1611 
   CARBO-01               0.4181 
   WATER                 14.0694 
   ETHYL-01             579.6544 
   ACETA-01               2.4630 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.6036 
 TOTAL FLOW:      
   KMOL/HR              609.5151 
   KG/HR               2.6500+04 
   L/MIN                519.9501 
 STATE VARIABLES: 
   TEMP   C              36.8440 
   PRES   BAR            11.1458 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
653
 ENTHALPY:        
   CAL/MOL            -2.0489+04 
   CAL/GM              -471.2661 
   CAL/SEC            -3.4690+06 
 ENTROPY:         
   CAL/MOL-K            -51.4542 
   CAL/GM-K              -1.1835 
 DENSITY:         
   MOL/CC              1.9538-02 
   GM/CC                  0.8494 
 AVG MW                  43.4772 
 
 60                                       
 -- 
 
 STREAM ID               60       
 FROM :                  ----     
 TO   :                  P-402    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               1.1940+04 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR             1.1940+04 
   KG/HR               2.1510+05 
   L/MIN               3606.8368 
 STATE VARIABLES: 
   TEMP   C              25.0000 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8262+04 
   CAL/GM             -3789.1277 
   CAL/SEC            -2.2640+08 
 ENTROPY:         
   CAL/MOL-K            -38.9652 
   CAL/GM-K              -2.1629 
 DENSITY:         
   MOL/CC              5.5173-02 
   GM/CC                  0.9940 
 AVG MW                  18.0153 
 
 61                                       
 -- 
 
 STREAM ID               61       
 FROM :                  P-402    
 TO   :                  MIX4     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
654
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.0    
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               1.1940+04 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.0    
 TOTAL FLOW:      
   KMOL/HR             1.1940+04 
   KG/HR               2.1510+05 
   L/MIN               3607.9199 
 STATE VARIABLES: 
   TEMP   C              25.3093 
   PRES   BAR            11.1458 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8257+04 
   CAL/GM             -3788.8233 
   CAL/SEC            -2.2638+08 
 ENTROPY:         
   CAL/MOL-K            -38.9469 
   CAL/GM-K              -2.1619 
 DENSITY:         
   MOL/CC              5.5156-02 
   GM/CC                  0.9937 
 AVG MW                  18.0153 
 
 62                                       
 -- 
 
 STREAM ID               62       
 FROM :                  MIX4     
 TO   :                  R-403    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01              12.1455 
   OXYGE-01               0.1611 
   CARBO-01               0.4181 
   WATER               1.1954+04 
   ETHYL-01             579.6544 
   ACETA-01               2.4630 
   ETHYL-02               0.0    
   DIETH-01               0.0    
   TRIET-01               0.0    
   METHA-01               0.6036 
 TOTAL FLOW:      
   KMOL/HR             1.2550+04 
   KG/HR               2.4160+05 
   L/MIN               4090.3568 
 STATE VARIABLES: 
   TEMP   C              26.7939 
   PRES   BAR            10.8418 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
655
 ENTHALPY:        
   CAL/MOL            -6.5937+04 
   CAL/GM             -3424.9393 
   CAL/SEC            -2.2985+08 
 ENTROPY:         
   CAL/MOL-K            -39.3527 
   CAL/GM-K              -2.0441 
 DENSITY:         
   MOL/CC              5.1135-02 
   GM/CC                  0.9844 
 AVG MW                  19.2519 
 
 63                                       
 -- 
 
 STREAM ID               63       
 FROM :                  R-403    
 TO   :                  R-404    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01              12.1455 
   OXYGE-01               0.1611 
   CARBO-01               0.4181 
   WATER               1.1411+04 
   ETHYL-01               1.7390 
   ACETA-01               2.4630 
   ETHYL-02             514.3447 
   DIETH-01              23.1166 
   TRIET-01               5.7792 
   METHA-01               0.6036 
 TOTAL FLOW:      
   KMOL/HR             1.1972+04 
   KG/HR               2.4160+05 
   L/MIN               4596.4526 
 STATE VARIABLES: 
   TEMP   C             150.0000 
   PRES   BAR            10.1325 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.7697+04 
   CAL/GM             -3354.4557 
   CAL/SEC            -2.2512+08 
 ENTROPY:         
   CAL/MOL-K            -34.9358 
   CAL/GM-K              -1.7311 
 DENSITY:         
   MOL/CC              4.3409-02 
   GM/CC                  0.8760 
 AVG MW                  20.1813 
 
 64                                       
 -- 
 
 STREAM ID               64       
 FROM :                  R-404    
 TO   :                  F-501    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
656
 COMPONENTS: KMOL/HR          
   ETHAN-01              12.1455 
   OXYGE-01               0.1611 
   CARBO-01               0.4181 
   WATER               1.1409+04 
   ETHYL-01               0.0    
   ACETA-01               2.4630 
   ETHYL-02             515.7098 
   DIETH-01              23.2383 
   TRIET-01               5.8226 
   METHA-01               0.6036 
 TOTAL FLOW:      
   KMOL/HR             1.1970+04 
   KG/HR               2.4160+05 
   L/MIN               4478.3809 
 STATE VARIABLES: 
   TEMP   C             130.0000 
   PRES   BAR            10.1325 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8167+04 
   CAL/GM             -3377.2422 
   CAL/SEC            -2.2665+08 
 ENTROPY:         
   CAL/MOL-K            -36.0089 
   CAL/GM-K              -1.7840 
 DENSITY:         
   MOL/CC              4.4547-02 
   GM/CC                  0.8991 
 AVG MW                  20.1842 
 
 65                                       
 -- 
 
 STREAM ID               65       
 FROM :                  F-501    
 TO   :                  F-502    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               2.8238 
   OXYGE-01            6.1782-06 
   CARBO-01            2.3487-04 
   WATER               8757.3679 
   ETHYL-01               0.0    
   ACETA-01               0.2393 
   ETHYL-02             513.2618 
   DIETH-01              23.2249 
   TRIET-01               5.8217 
   METHA-01               0.1899 
 TOTAL FLOW:      
   KMOL/HR             9302.9295 
   KG/HR               1.9311+05 
   L/MIN               3393.7390 
 STATE VARIABLES: 
   TEMP   C              89.2084 
   PRES   BAR             0.6434 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
657
 ENTHALPY:        
   CAL/MOL            -6.9594+04 
   CAL/GM             -3352.6363 
   CAL/SEC            -1.7984+08 
 ENTROPY:         
   CAL/MOL-K            -39.0278 
   CAL/GM-K              -1.8801 
 DENSITY:         
   MOL/CC              4.5687-02 
   GM/CC                  0.9484 
 AVG MW                  20.7579 
 
 66                                       
 -- 
 
 STREAM ID               66       
 FROM :                  F-501    
 TO   :                  E-504    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               9.3217 
   OXYGE-01               0.1611 
   CARBO-01               0.4179 
   WATER               2651.9307 
   ETHYL-01               0.0    
   ACETA-01               2.2237 
   ETHYL-02               2.4480 
   DIETH-01            1.3487-02 
   TRIET-01            9.3688-04 
   METHA-01               0.4137 
 TOTAL FLOW:      
   KMOL/HR             2666.9312 
   KG/HR               4.8493+04 
   L/MIN               2.0813+06 
 STATE VARIABLES: 
   TEMP   C              89.2084 
   PRES   BAR             0.6434 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.7251+04 
   CAL/GM             -3148.5828 
   CAL/SEC            -4.2412+07 
 ENTROPY:         
   CAL/MOL-K             -8.2692 
   CAL/GM-K              -0.4548 
 DENSITY:         
   MOL/CC              2.1356-05 
   GM/CC               3.8832-04 
 AVG MW                  18.1831 
 
 67                                       
 -- 
 
 STREAM ID               67       
 FROM :                  F-502    
 TO   :                  F-503    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
658
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.4351 
   OXYGE-01            1.1370-10 
   CARBO-01            6.8776-08 
   WATER               5712.5295 
   ETHYL-01               0.0    
   ACETA-01            1.0673-02 
   ETHYL-02             509.4449 
   DIETH-01              23.2059 
   TRIET-01               5.8208 
   METHA-01            3.9333-02 
 TOTAL FLOW:      
   KMOL/HR             6251.4862 
   KG/HR               1.3789+05 
   L/MIN               2385.0002 
 STATE VARIABLES: 
   TEMP   C              82.8945 
   PRES   BAR             0.4864 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -7.0928+04 
   CAL/GM             -3215.6153 
   CAL/SEC            -1.2317+08 
 ENTROPY:         
   CAL/MOL-K            -41.1797 
   CAL/GM-K              -1.8669 
 DENSITY:         
   MOL/CC              4.3686-02 
   GM/CC                  0.9636 
 AVG MW                  22.0574 
 
 68                                       
 -- 
 
 STREAM ID               68       
 FROM :                  F-502    
 TO   :                  E-505    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01               2.3888 
   OXYGE-01            6.1781-06 
   CARBO-01            2.3480-04 
   WATER               3044.8384 
   ETHYL-01               0.0    
   ACETA-01               0.2286 
   ETHYL-02               3.8168 
   DIETH-01            1.8942-02 
   TRIET-01            9.2816-04 
   METHA-01               0.1506 
 TOTAL FLOW:      
   KMOL/HR             3051.4433 
   KG/HR               5.5218+04 
   L/MIN               3.0955+06 
 STATE VARIABLES: 
   TEMP   C              82.8945 
   PRES   BAR             0.4864 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
659
 ENTHALPY:        
   CAL/MOL            -5.7332+04 
   CAL/GM             -3168.2863 
   CAL/SEC            -4.8596+07 
 ENTROPY:         
   CAL/MOL-K             -7.8000 
   CAL/GM-K              -0.4310 
 DENSITY:         
   MOL/CC              1.6430-05 
   GM/CC               2.9730-04 
 AVG MW                  18.0956 
 
 69                                       
 -- 
 
 STREAM ID               69       
 FROM :                  F-503    
 TO   :                  P-510    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            3.2657-02 
   OXYGE-01            7.5414-16 
   CARBO-01            8.3351-12 
   WATER               2334.0303 
   ETHYL-01               0.0    
   ACETA-01            1.9244-04 
   ETHYL-02             500.0817 
   DIETH-01              23.1613 
   TRIET-01               5.8201 
   METHA-01            3.5851-03 
 TOTAL FLOW:      
   KMOL/HR             2863.1297 
   KG/HR               7.6421+04 
   L/MIN               1279.3209 
 STATE VARIABLES: 
   TEMP   C              76.9288 
   PRES   BAR             0.3394 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -7.5329+04 
   CAL/GM             -2822.2049 
   CAL/SEC            -5.9910+07 
 ENTROPY:         
   CAL/MOL-K            -48.0746 
   CAL/GM-K              -1.8011 
 DENSITY:         
   MOL/CC              3.7300-02 
   GM/CC                  0.9956 
 AVG MW                  26.6914 
 
 70                                       
 -- 
 
 STREAM ID               70       
 FROM :                  F-503    
 TO   :                  E-506    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
660
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.4024 
   OXYGE-01            1.1370-10 
   CARBO-01            6.8768-08 
   WATER               3378.4993 
   ETHYL-01               0.0    
   ACETA-01            1.0480-02 
   ETHYL-02               9.3633 
   DIETH-01            4.4594-02 
   TRIET-01            7.0989-04 
   METHA-01            3.5747-02 
 TOTAL FLOW:      
   KMOL/HR             3388.3565 
   KG/HR               6.1471+04 
   L/MIN               4.8425+06 
 STATE VARIABLES: 
   TEMP   C              76.9288 
   PRES   BAR             0.3394 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -5.7437+04 
   CAL/GM             -3166.0263 
   CAL/SEC            -5.4061+07 
 ENTROPY:         
   CAL/MOL-K             -7.2785 
   CAL/GM-K              -0.4012 
 DENSITY:         
   MOL/CC              1.1662-05 
   GM/CC               2.1157-04 
 AVG MW                  18.1418 
 
 71                                       
 -- 
 
 STREAM ID               71       
 FROM :                  P-510    
 TO   :                  E-511    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            3.2657-02 
   OXYGE-01            7.5414-16 
   CARBO-01            8.3351-12 
   WATER               2334.0303 
   ETHYL-01               0.0    
   ACETA-01            1.9244-04 
   ETHYL-02             500.0817 
   DIETH-01              23.1613 
   TRIET-01               5.8201 
   METHA-01            3.5851-03 
 TOTAL FLOW:      
   KMOL/HR             2863.1297 
   KG/HR               7.6421+04 
   L/MIN               1279.3814 
 STATE VARIABLES: 
   TEMP   C              76.9736 
   PRES   BAR             1.6212 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
661
 ENTHALPY:        
   CAL/MOL            -7.5328+04 
   CAL/GM             -2822.1665 
   CAL/SEC            -5.9909+07 
 ENTROPY:         
   CAL/MOL-K            -48.0717 
   CAL/GM-K              -1.8010 
 DENSITY:         
   MOL/CC              3.7298-02 
   GM/CC                  0.9955 
 AVG MW                  26.6914 
 
 72                                       
 -- 
 
 STREAM ID               72       
 FROM :                  E-511    
 TO   :                  D-512    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR   
 COMPONENTS: KMOL/HR          
   ETHAN-01            3.2657-02 
   OXYGE-01            7.5414-16 
   CARBO-01            8.3351-12 
   WATER               2334.0303 
   ETHYL-01               0.0    
   ACETA-01            1.9244-04 
   ETHYL-02             500.0817 
   DIETH-01              23.1613 
   TRIET-01               5.8201 
   METHA-01            3.5851-03 
 TOTAL FLOW:      
   KMOL/HR             2863.1297 
   KG/HR               7.6421+04 
   L/MIN               1.4251+06 
 STATE VARIABLES: 
   TEMP   C             200.0000 
   PRES   BAR             1.3172 
   VFRAC                  1.0000 
   LFRAC                  0.0    
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.2943+04 
   CAL/GM             -2358.1584 
   CAL/SEC            -5.0059+07 
 ENTROPY:         
   CAL/MOL-K            -17.2086 
   CAL/GM-K              -0.6447 
 DENSITY:         
   MOL/CC              3.3484-05 
   GM/CC               8.9373-04 
 AVG MW                  26.6914 
 
 73                                       
 -- 
 
 STREAM ID               73       
 FROM :                  E-504    
 TO   :                  P-507    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED   
662
 COMPONENTS: KMOL/HR          
   ETHAN-01               9.3217 
   OXYGE-01               0.1611 
   CARBO-01               0.4179 
   WATER               2651.9307 
   ETHYL-01               0.0    
   ACETA-01               2.2237 
   ETHYL-02               2.4480 
   DIETH-01            1.3487-02 
   TRIET-01            9.3688-04 
   METHA-01               0.4137 
 TOTAL FLOW:      
   KMOL/HR             2666.9312 
   KG/HR               4.8493+04 
   L/MIN                989.0539 
 STATE VARIABLES: 
   TEMP   C              32.2222 
   PRES   BAR             0.6434 
   VFRAC               9.6021-05 
   LFRAC                  0.9999 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8152+04 
   CAL/GM             -3748.1220 
   CAL/SEC            -5.0488+07 
 ENTROPY:         
   CAL/MOL-K            -38.7172 
   CAL/GM-K              -2.1293 
 DENSITY:         
   MOL/CC              4.4941-02 
   GM/CC                  0.8172 
 AVG MW                  18.1831 
 
 74                                       
 -- 
 
 STREAM ID               74       
 FROM :                  E-505    
 TO   :                  P-508    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               2.3888 
   OXYGE-01            6.1781-06 
   CARBO-01            2.3480-04 
   WATER               3044.8384 
   ETHYL-01               0.0    
   ACETA-01               0.2286 
   ETHYL-02               3.8168 
   DIETH-01            1.8942-02 
   TRIET-01            9.2816-04 
   METHA-01               0.1506 
 TOTAL FLOW:      
   KMOL/HR             3051.4433 
   KG/HR               5.5218+04 
   L/MIN                932.5107 
 STATE VARIABLES: 
   TEMP   C              32.2222 
   PRES   BAR             0.4864 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
663
 ENTHALPY:        
   CAL/MOL            -6.8184+04 
   CAL/GM             -3767.9700 
   CAL/SEC            -5.7794+07 
 ENTROPY:         
   CAL/MOL-K            -38.6360 
   CAL/GM-K              -2.1351 
 DENSITY:         
   MOL/CC              5.4538-02 
   GM/CC                  0.9869 
 AVG MW                  18.0956 
 
 75                                       
 -- 
 
 STREAM ID               75       
 FROM :                  E-506    
 TO   :                  P-509    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.4024 
   OXYGE-01            1.1370-10 
   CARBO-01            6.8768-08 
   WATER               3378.4993 
   ETHYL-01               0.0    
   ACETA-01            1.0480-02 
   ETHYL-02               9.3633 
   DIETH-01            4.4594-02 
   TRIET-01            7.0989-04 
   METHA-01            3.5747-02 
 TOTAL FLOW:      
   KMOL/HR             3388.3565 
   KG/HR               6.1471+04 
   L/MIN               1037.0306 
 STATE VARIABLES: 
   TEMP   C              32.2222 
   PRES   BAR             0.3394 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8249+04 
   CAL/GM             -3762.0024 
   CAL/SEC            -6.4237+07 
 ENTROPY:         
   CAL/MOL-K            -38.6993 
   CAL/GM-K              -2.1332 
 DENSITY:         
   MOL/CC              5.4456-02 
   GM/CC                  0.9879 
 AVG MW                  18.1418 
 
 76                                       
 -- 
 
 STREAM ID               76       
 FROM :                  D-512    
 TO   :                  P-613    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
664
 COMPONENTS: KMOL/HR          
   ETHAN-01            3.2657-02 
   OXYGE-01               0.0    
   CARBO-01            8.3351-12 
   WATER               2334.0243 
   ETHYL-01               0.0    
   ACETA-01            1.9244-04 
   ETHYL-02              34.6849 
   DIETH-01               0.2114 
   TRIET-01            2.4470-09 
   METHA-01            3.5851-03 
 TOTAL FLOW:      
   KMOL/HR             2368.9570 
   KG/HR               4.4225+04 
   L/MIN                798.6977 
 STATE VARIABLES: 
   TEMP   C             100.4232 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.7460+04 
   CAL/GM             -3613.5854 
   CAL/SEC            -4.4392+07 
 ENTROPY:         
   CAL/MOL-K            -35.6410 
   CAL/GM-K              -1.9091 
 DENSITY:         
   MOL/CC              4.9434-02 
   GM/CC                  0.9229 
 AVG MW                  18.6686 
 
 77                                       
 -- 
 
 STREAM ID               77       
 FROM :                  P-507    
 TO   :                  MIXER7   
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               9.3217 
   OXYGE-01               0.1611 
   CARBO-01               0.4179 
   WATER               2651.9307 
   ETHYL-01               0.0    
   ACETA-01               2.2237 
   ETHYL-02               2.4480 
   DIETH-01            1.3487-02 
   TRIET-01            9.3688-04 
   METHA-01               0.4137 
 TOTAL FLOW:      
   KMOL/HR             2666.9312 
   KG/HR               4.8493+04 
   L/MIN                821.1266 
 STATE VARIABLES: 
   TEMP   C              32.6517 
   PRES   BAR            11.7537 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
665
 ENTHALPY:        
   CAL/MOL            -6.8145+04 
   CAL/GM             -3747.7161 
   CAL/SEC            -5.0483+07 
 ENTROPY:         
   CAL/MOL-K            -38.6933 
   CAL/GM-K              -2.1280 
 DENSITY:         
   MOL/CC              5.4132-02 
   GM/CC                  0.9843 
 AVG MW                  18.1831 
 
 78                                       
 -- 
 
 STREAM ID               78       
 FROM :                  P-508    
 TO   :                  MIXER7   
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               2.3888 
   OXYGE-01            6.1781-06 
   CARBO-01            2.3480-04 
   WATER               3044.8384 
   ETHYL-01               0.0    
   ACETA-01               0.2286 
   ETHYL-02               3.8168 
   DIETH-01            1.8942-02 
   TRIET-01            9.2816-04 
   METHA-01               0.1506 
 TOTAL FLOW:      
   KMOL/HR             3051.4433 
   KG/HR               5.5218+04 
   L/MIN                932.8278 
 STATE VARIABLES: 
   TEMP   C              32.5668 
   PRES   BAR            11.7537 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8177+04 
   CAL/GM             -3767.6291 
   CAL/SEC            -5.7789+07 
 ENTROPY:         
   CAL/MOL-K            -38.6159 
   CAL/GM-K              -2.1340 
 DENSITY:         
   MOL/CC              5.4520-02 
   GM/CC                  0.9866 
 AVG MW                  18.0956 
 
 79                                       
 -- 
 
 STREAM ID               79       
 FROM :                  P-509    
 TO   :                  MIXER7   
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
666
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.4024 
   OXYGE-01            1.1370-10 
   CARBO-01            6.8768-08 
   WATER               3378.4993 
   ETHYL-01               0.0    
   ACETA-01            1.0480-02 
   ETHYL-02               9.3633 
   DIETH-01            4.4594-02 
   TRIET-01            7.0989-04 
   METHA-01            3.5747-02 
 TOTAL FLOW:      
   KMOL/HR             3388.3565 
   KG/HR               6.1471+04 
   L/MIN               1037.3881 
 STATE VARIABLES: 
   TEMP   C              32.5718 
   PRES   BAR            11.7537 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8243+04 
   CAL/GM             -3761.6575 
   CAL/SEC            -6.4231+07 
 ENTROPY:         
   CAL/MOL-K            -38.6789 
   CAL/GM-K              -2.1320 
 DENSITY:         
   MOL/CC              5.4437-02 
   GM/CC                  0.9876 
 AVG MW                  18.1418 
 
 80                                       
 -- 
 
 STREAM ID               80       
 FROM :                  P-613    
 TO   :                  MIXER7   
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            3.2657-02 
   OXYGE-01               0.0    
   CARBO-01            8.3351-12 
   WATER               2334.0243 
   ETHYL-01               0.0    
   ACETA-01            1.9244-04 
   ETHYL-02              34.6849 
   DIETH-01               0.2114 
   TRIET-01            2.4470-09 
   METHA-01            3.5851-03 
 TOTAL FLOW:      
   KMOL/HR             2368.9570 
   KG/HR               4.4225+04 
   L/MIN                798.9988 
 STATE VARIABLES: 
   TEMP   C             100.7491 
   PRES   BAR            11.7537 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
667
 ENTHALPY:        
   CAL/MOL            -6.7454+04 
   CAL/GM             -3613.2379 
   CAL/SEC            -4.4388+07 
 ENTROPY:         
   CAL/MOL-K            -35.6240 
   CAL/GM-K              -1.9082 
 DENSITY:         
   MOL/CC              4.9415-02 
   GM/CC                  0.9225 
 AVG MW                  18.6686 
 
 81                                       
 -- 
 
 STREAM ID               81       
 FROM :                  MIXER7   
 TO   :                  W2-MIX   
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01              12.1455 
   OXYGE-01               0.1611 
   CARBO-01               0.4181 
   WATER               1.1409+04 
   ETHYL-01               0.0    
   ACETA-01               2.4630 
   ETHYL-02              50.3130 
   DIETH-01               0.2884 
   TRIET-01            2.5749-03 
   METHA-01               0.6036 
 TOTAL FLOW:      
   KMOL/HR             1.1476+04 
   KG/HR               2.0941+05 
   L/MIN               3586.8117 
 STATE VARIABLES: 
   TEMP   C              47.2704 
   PRES   BAR            11.4497 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8040+04 
   CAL/GM             -3728.6586 
   CAL/SEC            -2.1689+08 
 ENTROPY:         
   CAL/MOL-K            -37.9585 
   CAL/GM-K              -2.0802 
 DENSITY:         
   MOL/CC              5.3324-02 
   GM/CC                  0.9730 
 AVG MW                  18.2478 
 
 82                                       
 -- 
 
 STREAM ID               82       
 FROM :                  W2-MIX   
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
668
 COMPONENTS: KMOL/HR          
   ETHAN-01              11.5382 
   OXYGE-01               0.1531 
   CARBO-01               0.3972 
   WATER               1.0839+04 
   ETHYL-01               0.0    
   ACETA-01               2.3398 
   ETHYL-02              47.7974 
   DIETH-01               0.2740 
   TRIET-01            2.4462-03 
   METHA-01               0.5734 
 TOTAL FLOW:      
   KMOL/HR             1.0902+04 
   KG/HR               1.9894+05 
   L/MIN               3407.4711 
 STATE VARIABLES: 
   TEMP   C              47.2704 
   PRES   BAR            11.1458 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -6.8040+04 
   CAL/GM             -3728.6586 
   CAL/SEC            -2.0605+08 
 ENTROPY:         
   CAL/MOL-K            -37.9585 
   CAL/GM-K              -2.0802 
 DENSITY:         
   MOL/CC              5.3324-02 
   GM/CC                  0.9730 
 AVG MW                  18.2478 
 
 83                                       
 -- 
 
 STREAM ID               83       
 FROM :                  W2-MIX   
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01               0.6073 
   OXYGE-01            8.0569-03 
   CARBO-01            2.0906-02 
   WATER                570.4646 
   ETHYL-01               0.0    
   ACETA-01               0.1231 
   ETHYL-02               2.5157 
   DIETH-01            1.4421-02 
   TRIET-01            1.2875-04 
   METHA-01            3.0179-02 
 TOTAL FLOW:      
   KMOL/HR              573.7844 
   KG/HR               1.0470+04 
   L/MIN                179.3406 
 STATE VARIABLES: 
   TEMP   C              47.2704 
   PRES   BAR            11.1458 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
669
 ENTHALPY:        
   CAL/MOL            -6.8040+04 
   CAL/GM             -3728.6586 
   CAL/SEC            -1.0845+07 
 ENTROPY:         
   CAL/MOL-K            -37.9585 
   CAL/GM-K              -2.0802 
 DENSITY:         
   MOL/CC              5.3324-02 
   GM/CC                  0.9730 
 AVG MW                  18.2478 
 
 84                                       
 -- 
 
 STREAM ID               84       
 FROM :                  D-512    
 TO   :                  D-601    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            1.1101-10 
   OXYGE-01               0.0    
   CARBO-01            1.0588-34 
   WATER               6.0078-03 
   ETHYL-01               0.0    
   ACETA-01            2.0735-13 
   ETHYL-02             465.3967 
   DIETH-01              22.9499 
   TRIET-01               5.8201 
   METHA-01            1.1708-10 
 TOTAL FLOW:      
   KMOL/HR              494.1727 
   KG/HR               3.2196+04 
   L/MIN                574.8000 
 STATE VARIABLES: 
   TEMP   C             207.0468 
   PRES   BAR             1.3172 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.0453+05 
   CAL/GM             -1604.3458 
   CAL/SEC            -1.4348+07 
 ENTROPY:         
   CAL/MOL-K            -91.3504 
   CAL/GM-K              -1.4021 
 DENSITY:         
   MOL/CC              1.4329-02 
   GM/CC                  0.9335 
 AVG MW                  65.1514 
 
 85                                       
 -- 
 
 STREAM ID               85       
 FROM :                  D-601    
 TO   :                  P-602    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
670
 COMPONENTS: KMOL/HR          
   ETHAN-01            1.1101-10 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               6.0078-03 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02             449.4569 
   DIETH-01               0.2620 
   TRIET-01            2.4967-09 
   METHA-01            1.1708-10 
 TOTAL FLOW:      
   KMOL/HR              449.7249 
   KG/HR               2.7925+04 
   L/MIN                490.7764 
 STATE VARIABLES: 
   TEMP   C             197.0838 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.0271+05 
   CAL/GM             -1654.0874 
   CAL/SEC            -1.2831+07 
 ENTROPY:         
   CAL/MOL-K            -89.7534 
   CAL/GM-K              -1.4455 
 DENSITY:         
   MOL/CC              1.5273-02 
   GM/CC                  0.9483 
 AVG MW                  62.0935 
 
 86                                       
 -- 
 
 STREAM ID               86       
 FROM :                  D-601    
 TO   :                  E-604    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            7.5967-25 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               1.6278-14 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02              15.9399 
   DIETH-01              22.6879 
   TRIET-01               5.8201 
   METHA-01            7.5311-24 
 TOTAL FLOW:      
   KMOL/HR               44.4478 
   KG/HR               4271.0652 
   L/MIN                 79.5655 
 STATE VARIABLES: 
   TEMP   C             240.4053 
   PRES   BAR             1.3172 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
671
 ENTHALPY:        
   CAL/MOL            -1.2868+05 
   CAL/GM             -1339.1027 
   CAL/SEC            -1.5887+06 
 ENTROPY:         
   CAL/MOL-K           -122.8568 
   CAL/GM-K              -1.2785 
 DENSITY:         
   MOL/CC              9.3105-03 
   GM/CC                  0.8947 
 AVG MW                  96.0917 
 
 87                                       
 -- 
 
 STREAM ID               87       
 FROM :                  P-602    
 TO   :                  E-603    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            1.1101-10 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               6.0078-03 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02             449.4569 
   DIETH-01               0.2620 
   TRIET-01            2.4967-09 
   METHA-01            1.1708-10 
 TOTAL FLOW:      
   KMOL/HR              449.7249 
   KG/HR               2.7925+04 
   L/MIN                490.7867 
 STATE VARIABLES: 
   TEMP   C             197.1018 
   PRES   BAR             1.3172 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.0271+05 
   CAL/GM             -1654.0739 
   CAL/SEC            -1.2831+07 
 ENTROPY:         
   CAL/MOL-K            -89.7516 
   CAL/GM-K              -1.4454 
 DENSITY:         
   MOL/CC              1.5272-02 
   GM/CC                  0.9483 
 AVG MW                  62.0935 
 
 88                                       
 -- 
 
 STREAM ID               88       
 FROM :                  E-603    
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
672
 COMPONENTS: KMOL/HR          
   ETHAN-01            1.1101-10 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               6.0078-03 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02             449.4569 
   DIETH-01               0.2620 
   TRIET-01            2.4967-09 
   METHA-01            1.1708-10 
 TOTAL FLOW:      
   KMOL/HR              449.7249 
   KG/HR               2.7925+04 
   L/MIN                418.3347 
 STATE VARIABLES: 
   TEMP   C              32.2222 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
 ENTHALPY:        
   CAL/MOL            -1.0927+05 
   CAL/GM             -1759.7497 
   CAL/SEC            -1.3650+07 
 ENTROPY:         
   CAL/MOL-K           -106.6943 
   CAL/GM-K              -1.7183 
 DENSITY:         
   MOL/CC              1.7917-02 
   GM/CC                  1.1125 
 AVG MW                  62.0935 
 
 89                                       
 -- 
 
 STREAM ID               89       
 FROM :                  E-604    
 TO   :                  ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID  
 COMPONENTS: KMOL/HR          
   ETHAN-01            7.5967-25 
   OXYGE-01               0.0    
   CARBO-01               0.0    
   WATER               1.6278-14 
   ETHYL-01               0.0    
   ACETA-01               0.0    
   ETHYL-02              15.9399 
   DIETH-01              22.6879 
   TRIET-01               5.8201 
   METHA-01            7.5311-24 
 TOTAL FLOW:      
   KMOL/HR               44.4478 
   KG/HR               4271.0652 
   L/MIN                 64.7169 
 STATE VARIABLES: 
   TEMP   C              32.2222 
   PRES   BAR             1.0133 
   VFRAC                  0.0    
   LFRAC                  1.0000 
   SFRAC                  0.0    
673
 ENTHALPY:        
   CAL/MOL            -1.4282+05 
   CAL/GM             -1486.2516 
   CAL/SEC            -1.7633+06 
 ENTROPY:         
   CAL/MOL-K           -157.7188 
   CAL/GM-K              -1.6413 
 DENSITY:         
   MOL/CC              1.1447-02 
   GM/CC                  1.0999 
 AVG MW                  96.0917 
 
 Q-614                                    
 ----- 
 
 STREAM ID               Q-614    
 FROM :                  E-504    
 TO   :                  F-502    
 CLASS:                  HEAT     
 
 STREAM ATTRIBUTES: 
 HEAT     
 Q        CAL/SEC       8.0760+06 
 TBEG     C               89.2084 
 TEND     C               32.2222 
 
 Q-615                                    
 ----- 
 
 STREAM ID               Q-615    
 FROM :                  E-505    
 TO   :                  F-503    
 CLASS:                  HEAT     
 
 STREAM ATTRIBUTES: 
 HEAT     
 Q        CAL/SEC       9.1981+06 
 TBEG     C               82.8945 
 TEND     C               32.2222 
674
